!
.....

.......
.......
.......
........
.........
...........
...........
...........
............
..............
.............
.............
............
..........
..........
..........
..........
..........
.........
........
.......
.......
......
.....
,,,,,
......
W
.....
N

J apJESS
ournal of Engin
€ring

...........
.... SN
:
.......
............
..........
........
............
......
. ’

nd
Smart System

.......

-----



Volume 12 / Issue 1

Academic Platform Journal of Engineering and Smart Systems

Academic Platform Journal of Engineering and Smart Systems

Editor in Chief (Owned By Academic Perspective)

Dr. Mehmet SARIBIYIK, Sakarya University of Applied Sciences, Tiirkiye
Editors

Dr. Caner ERDEN, Sakarya University of Applied Sciences, Tiirkiye
Dr. John YOO, Bradley University, USA

Editorial Board

Dr. Abdullah Hulusi KOKCAM, Sakarya University, Tiirkiye

Dr. Ali Tahir KARASAHIN, Karabuk University, Tiirkiye

Dr. Aydin MUHURCU, Kirklareli University, Tiirkiye

Dr. Ayse Nur AY, Sakarya University of Applied Sciences, Tiirkiye

Dr. Cengiz KAHRAMAN, Istanbul Technical University, Tiirkiye

Dr. Elif Elcin GUNAY, Sakarya University, Tiirkiye

Dr. Erkan CELIK, Istanbul University, Tiirkiye

Dr. Fatih VARCIN, Sakarya University of Applied Sciences, Tiirkiye

Dr. Giircan YILDIRIM, Abant Izzet Baysal University, Tiirkiye

Dr. Hac1 Mehmet ALAKAS, Kirikkale University, Tiirkiye

Dr. Huseyin SEKER, Birmingham City University, Birmingham, United Kingdom
Dr. Kerem KUCUK, Kocaeli University, Tiirkiye

Dr. Marco A. ACEVES-FERNANDEZ, Universidad Auténoma De Queréta, Mexico
Dr. Mazin MOHAMMED, University Of Anbar, Iraq

Dr. Mehmet Emin AYDIN, University of The West Of England, United Kingdom
Dr. Muhammet KURULAY, Yildiz Techical University, Tiirkiye

Dr. Muhammed Maruf OZTURK, Suleyman Demirel University, Tiirkiye

Dr. Omer AYDIN, Celal Bayar University, Tiirkiye

Dr. Rakesh PHANDEN, Amity University Uttar Pradesh, India

Dr. Ugur Erkin KOCAMAZ, Bursa Uludag University, Tiirkiye

Dr. Tugba TUNACAN, Abant izzet Baysal University, Tiirkiye

Dr. Turgay Tugay BILGIN, Bursa Technical University, Tiirkiye

Dr. Tiilay YILDIRIM, Yildiz Technical University, Tiirkiye

Dr. Valentina E. BALAS, Aurel Vlaicu University of Arad, Romania

Language Editor
Dr. Hakan ASLAN, Sakarya University, Tirkiye
Editorial Assistants

Selim ILHAN, Sakarya University, Tiirkiye
ibrahim MUCUK, Sakarya University, Tiirkiye

11




Academic Platform Journal of Engineering and Smart Systems

Correspondence Address

Academic Platform Journal of Engineering and Smart Systems
Akademik Perspektif Dernegi, Tigcilar Mahallesi Kadir Sokak No:12
Kat:1 Adapazar:1 SAKARYA

+90 551 628 9477 (WhatsApp only)
https://dergipark.org.tr/tr/pub/apjess

Issue Link: https://dergipark.org.tr/tr/pub/apjess/issue/84800

111


https://dergipark.org.tr/tr/pub/apjess
https://dergipark.org.tr/tr/pub/apjess/issue/84800

Academic Platform Journal of Engineering and Smart Systems

Aim and Scope

Academic Platform Journal of Engineering and Smart Systems (APJESS) is a peer reviewed open-
access journal which focuses on the research and applications related to smart systems and artificial
intelligence. APJESS accepts both original research papers and review articles written

in English. It is essential that the information created in scientific study needs to be new, suggest new
method or give a new dimension to an existing information. Articles submitted for publication are
evaluated by at least two referees in case the editor finds potential scientific merit, and final acceptance
and rejection decision are taken by editorial board. The authors are not informed about the name of
referees who evaluate the papers. In similar way, the referees are not allowed to see the names of
authors. The papers which do not satisfy the scientific level of the journal can be refused with
unexplained reason.

There are two key principles that APJESS was founded on: Firstly, to publish the most exciting, novel,
technically sound, and clearly presented researches with respect to the subjects of smart systems and
artificial intelligence. Secondly, to provide a rapid turn-around time possible for reviewing and
publishing, and to disseminate the articles freely for research, teaching and reference purposes.

Any information about a submitted manuscript cannot be disclosed by the editor and any other
editorial staff to anyone other than the corresponding author, reviewers, potential reviewers, other
editorial advisers, and the publisher. No confidential information or ideas obtained through peer review
can be used for personal advantage.

Journal History

The journal was published between 2013-2021 with the title of "Academic Platform - Journal of
Engineering and Science". It will be published under its new title "Academic Platform Journal of
Engineering and Smart Systems" after 2022.

Former Title: Academic Platform - Journal of Engineering and Science

Years: 2013-2021

Scope

APJESS aims to publish research and review papers dealing with, but not limited to, the following
research fields:

» Knowledge Representation and Reasoning,

» Data Mining & Data Science,

« Supervised, Semi-Supervised and Unsupervised Learning,
» Machine Learning (ML) and Neural Computing,

« Evolutionary Computation,

» Natural Language Processing, Internet of Things, Big Data
« Fuzzy Systems,

« Intelligent Information Processing,

« Al Powered Robotic Systems,

» Multi-agent Systems and Programming for Smart Systems

v



Academic Platform Journal of Engineering and Smart Systems

Author Guidelines

Article Types

Manuscripts submitted to APJESS should neither be published previously nor be under consideration
for publication in another journal.

The main article types are as follows:

Research Articles: Original research manuscripts. The journal considers all original research
manuscripts provided that the work reports scientifically sound experiments and provides a substantial
amount of new information.

Review Articles: These provide concise and precise updates on the latest progress made in a given
area of research.

Checklist for Submissions
Please,

« read the Aims & Scope to see if your manuscript is suitable for the journal,

« use the Microsoft Word template to prepare your manuscript;

« Download Copyright Transfer Form and signed by all authors.

« make sure that issues about Ethical Principles and Publication Policy, Copyright and Licensing, Archiving
Policy, Repository Policy have been appropriately considered;

« Ensure that all authors have approved the content of the submitted manuscript.

The main text should be formed in the following order:

Manuscript: The article should start with an introduction written in scientific language, putting
thoughts together from diverse disciplines combining evidence-based knowledge and logical
arguments, conveying views about the aim and purpose of the article. It must address all readers in
general. The technical terms, symbols, abbreviations must be defined at the first time when they are
used in the article. The manuscript should be formed in the following order:

Introduction,

Material and Method,
Findings,

Discussion and Conclusion.

References: At the end of the paper provide full details of all references cited in-text. The reference
list should be arranged in the order of appearance of the in-text citations, not in an alphabetical order,
beginning with [1], and continuing in an ascending numerical order, from the lowest number to the
highest. In the reference list, only one resource per reference number is acceptable.

References must be numbered in order of appearance in the text (including citations in tables and
legends) and listed individually at the end of the manuscript. We recommend preparing the references
with a bibliography software package, such as EndNote, Reference Manager or Zotero to avoid typing
mistakes and duplicated references. Include the digital object identifier (DOI) for all references where
available. Please use IEEE style.

IEEE Sample Reference List

[1] R. E. Ziemer and W. H. Tranter, Principles of Communications: Systems, Modulation, and Noise,
7th ed. Hoboken, NJ: Wiley, 2015.
[2] J. D. Bellamy et al., Computer Telephony Integration, New York: Wiley, 2010.

e
A%



https://dergipark.org.tr/en/pub/apjess/aim-and-scope
https://bit.ly/3AgPzyR
https://bit.ly/33SNywP
https://dergipark.org.tr/en/pub/apjess/policy
https://dergipark.org.tr/en/pub/apjess/page/13119
https://dergipark.org.tr/en/pub/apjess/page/13120
https://dergipark.org.tr/en/pub/apjess/page/13120
https://dergipark.org.tr/en/pub/apjess/page/13121

Academic Platform Journal of Engineering and Smart Systems

[3] C. Jacks, High Rupturing Capacity (HRC) Fuses, New York: Penguin Random House, 2013, pp. 175—
225.

[4] N. B. Vargafik, J. A. Wiebelt, and J. F. Malloy, "Radiative transfer," in Convective Heat. Melbourne:
Engineering Education Australia, 2011, ch. 9, pp. 379—398.

[5] H. C. Hottel and R. Siegel, "Film condensation," in Handbook of Heat Transfer, 2nd ed. W. C.
McAdams, Ed. New York: McGraw-Hill, 2011, ch. 9, pp. 78—99.

[6] H. H. Gaynor, Leading and Managing Engineering and Technology, Book 2: Developing Managers
and Leaders. IEEE-USA, 2011. Accessed on: Oct. 15, 2016. [Online]. Available:
http://www.ieeeusa.org/communications/ebooks/files/sep14/n2n802/Leading-and-Managing-
Engineering-and-Technology-Book-2.pdf

[7]1 G. H. Gaynor, "Dealing with the manager leader dichotomy," in Leading and Managing Engineering
and Technology, Book 2, Developing Leaders and Mangers. IEEE-USA, 2011, pp. 27—28. Accessed on:
Jan. 23, 2017. [Online]. Available:
http://www.ieeeusa.org/communications/ebooks/files/sep14/n2n802/Leading-and-Managing-
Engineering-and-Technology-Book-2.pdf

[8] M. Cvijetic, "Optical transport system engineering,” in Wiley Encyclopedia of Telecommunications,
vol. 4, J. G. Proakis, Ed. New York: John Wiley & Sons, 2003, pp. 1840—1849. Accessed on: Feb. 5,
2017. [Online]. Available: http://ebscohost.com

[0] T. Kaczorek, "Minimum energy control of fractional positive electrical circuits", Archives of
Electrical Engineering, vol. 65, no. 2, pp.191—201, 2016.

[10] P. Harsha and M. Dahleh, "Optimal management and sizing of energy storage under dynamic
pricing for the efficient integration of renewable energy", IEEE Trans. Power Sys., vol. 30, no. 3, pp.
1164—1181, May 2015.

[11] A. Vaskuri, H. Baumgartner, P. Karhi, G. Andor, and E. Tkonen, "Modeling the spectral shape of
InGaAlP-based red light-emitting diodes," Journal of Applied Physics, vol. 118, no. 20, pp. 203103-1—
203103-7, Jul. 2015. Accessed on: Feb. 9, 2017. [Online]. Available: doi: 10.1063/1.4936322

[12] K. J. Krishnan, "Implementation of renewable energy to reduce carbon consumption and fuel cell
as a back-up power for national broadband network (NBN) in Australia,” Ph.D dissertation, College of
Eng. and Sc., Victoria Univ., Melbourne, 2013.

[13] C. R. Ozansoy, "Design and implementation of a Universal Communications Processor for
substation integration, automation and protection," Ph.D. dissertation, College of Eng. and Sc., Victoria
Univ., Melbourne, 2006. [Online]. Accessed on: June 22, 2017. [Online]. Available:
http://vuir.vu.edu.au/527/

[14] M. T. Long, "On the statistical correlation between the heave, pitch and roll motion of road
transport vehicles," Research Master thesis, College of Eng. and Sc., Victoria Univ., Melb., Vic., 2016.
[15] Safe Working on or Near Low-voltage Electrical Installations and Equipment, AS/NZS 4836:2011,
2011.

Ethical Principles and Publication Policy

Peer Review Policy

Academic Platform Journal of Engineering and Smart Systems (APJESS) applies double blind peer-
review process in which both the reviewer and the author are anonymous. Reviewer selection for each
submitted article is up to area editors, and reviewers are selected based on the reviewer’s expertise,
competence, and previous experience in reviewing papers for APJES.

Every submitted article is evaluated by area editor, at least, for an initial review. If the paper reaches
minimum quality criteria, fulfills the aims, scope and policies of APJES, it is sent to at least two
reviewers for evaluation.




Academic Platform Journal of Engineering and Smart Systems

The reviewers evaluate the paper according to the Review guidelines set by editorial board members
and return it to the area editor, who conveys the reviewers' anonymous comments back to the author.
Anonymity is strictly maintained.

The double-blind peer-review process is managed using “ULAKBIM Dergi Sistemleri”, namely
Dergipark platform.

Open Access Policy

APJESS provides immediate open access for all users to its content on the principle that making
research freely available to the public, supporting a greater global exchange of knowledge.

Archiving Policy

APJESS is accessed by Dergipark platform which utilizes the LOCKSS system to create a distributed
archiving system among participating libraries and permits those libraries to create permanent archives
of the journal for purposes of preservation and restoration.

Originality and Plagiarism Policy

Authors by submitting their manuscript to APJESS declare that their work is original and authored by
them; has not been previously published nor submitted for evaluation; original ideas, data, findings and
materials taken from other sources (including their own) are properly documented and cited; their
work does not violate any rights of others, including privacy rights and intellectual property rights;
provided data is their own data, true and not manipulated. Plagiarism in whole or in part without
proper citation is not tolerated by APJESS. Manuscripts submitted to the journal will be checked for
originality using anti-plagiarism software.

Journal Ethics and Malpractice Statement

For all parties involved in the publishing process (the author(s), the journal editor(s), the peer
reviewers, the society, and the publisher) it is necessary to agree upon standards of expected ethical
behavior. The ethics statements for APJESS are based on the Committee on Publication Ethics (COPE)
Code of Conduct guidelines available at www.publicationethics.org.

1. Editor Responsibilities
Publication Decisions & Accountability

The editor of APJESS is responsible for deciding which articles submitted to the journal should be
published, and, moreover, is accountable for everything published in the journal. In making these
decisions, the editor may be guided by the journal’s editorial board and/or area editors, and considers
the policies of the journal. The editor should maintain the integrity of the academic record, preclude
business needs from compromising intellectual and ethical standards, and always be willing to publish
corrections, clarifications, retractions, and apologies when needed.

Fair play

The editor should evaluate manuscripts for their intellectual content without regard to race, gender,
sexual orientation, religious belief, ethnic origin, citizenship, or political philosophy of the author(s).




Academic Platform Journal of Engineering and Smart Systems

Confidentiality

The editor and any editorial staff must not disclose any information about a submitted manuscript to
anyone other than the corresponding author, reviewers, potential reviewers, other editorial advisers,
and the publisher, as appropriate.

Disclosure, conflicts of interest, and other issues

The editor will be guided by COPE’s Guidelines for Retracting Articles when considering retracting,
issuing expressions of concern about, and issuing corrections pertaining to articles that have been
published in APJES.

Unpublished materials disclosed in a submitted manuscript must not be used in an editor’s own
research without the explicit written consent of the author(s). Privileged information or ideas obtained
through peer review must be kept confidential and not used for personal advantage.

The editor should seek so ensure a fair and appropriate peer-review process. The editor should recuse
himself/herself from handling manuscripts (i.e. should ask a co-editor, associate editor, or other
member of the editorial board instead to review and consider) in which they have conflicts of interest
resulting from competitive, collaborative, or other relationships or connections with any of the authors,
companies, or (possibly) institutions connected to the papers. The editor should require all contributors
to disclose relevant competing interests and publish corrections if competing interests are revealed
after publication. If needed, other appropriate action should be taken, such as the publication of a
retraction or expression of concern.

2. Reviewer Responsibilities
Contribution to editorial decisions

Peer review assists the editor in making editorial decisions and, through the editorial communication
with the author, may also assist the author in improving the manuscript.

Promptness

Any invited referee who feels unqualified to review the research reported in a manuscript or knows that
its timely review will be impossible should immediately notify the editor so that alternative reviewers
can be contacted.

Confidentiality

Any manuscripts received for review must be treated as confidential documents. They must not be
shown to or discussed with others except if authorized by the editor.

Standards of objectivity

Reviews should be conducted objectively. Personal criticism of the author(s) is inacceptable. Referees
should express their views clearly with appropriate supporting arguments.

Acknowledgement of sources

Reviewers should identify relevant published work that has not been cited by the author(s). Any
statement that an observation, derivation, or argument had been previously reported should be
accompanied by the relevant citation. Reviewers should also call to the editor’s attention any
substantial similarity or overlap between the manuscript under consideration and any other published
data of which they have personal knowledge.

Disclosure and conflict of interest

Privileged information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider evaluating manuscripts in which they have

Vil



Academic Platform Journal of Engineering and Smart Systems

conflicts of interest resulting from competitive, collaborative, or other relationships or connections with
any of the authors, companies, or institutions connected to the submission.

3. Author Responsibilities
Reporting standards

Authors reporting results of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be represented
accurately in the manuscript. A paper should contain sufficient detail and references to permit others to
replicate the work. Fraudulent or knowingly inaccurate statements constitute unethical behavior and
are unacceptable.

Originality and plagiarism

The authors should ensure that they have written entirely original works, and if the authors have used
the work and/or words of others that this has been appropriately cited or quoted.

Multiple, redundant, or concurrent publication

An author should not in general publish manuscripts describing essentially the same research in more
than one journal or primary publication. Parallel submission of the same manuscript to more than one
journal constitutes unethical publishing behavior and is unacceptable.

Acknowledgement of sources

Proper acknowledgment of the work of others must always be given. Authors should also cite
publications that have been influential in determining the nature of the reported work.

Authorship of a manuscript

Authorship should be limited to those who have made a significant contribution to the conception,
design, execution, or interpretation of the reported study. All those who have made significant
contributions should be listed as co-authors. Where there are others who have participated in certain
substantive aspects of the research project, they should be named in an Acknowledgement section. The
corresponding author should ensure that all appropriate co-authors are included in the author list of
the manuscript, and that all co-authors have seen and approved the final version of the paper and have
agreed to its submission for publication. All co-authors must be clearly indicated at the time of
manuscript submission. Request to add co-authors, after a manuscript has been accepted will require
approval of the editor.

Hazards and human or animal subjects

If the work involves chemicals, procedures, or equipment that has any unusual hazards inherent in
their use, the authors must clearly identify these in the manuscript. Additionally, manuscripts should
adhere to the principles of the World Medical Association (WMA) Declaration of Helsinki regarding
research study involving human or animal subjects.

Disclosure and conflicts of interest

All authors should disclose in their manuscript any financial or other substantive conflict of interest
that might be construed to influence the results or their interpretation in the manuscript. All sources of
financial support for the project should be disclosed.

Fundamental errors in published works

In case an author discovers a significant error or inaccuracy in his/her own published work, it is the
author’s obligation to promptly notify the journal’s editor to either retract the paper or to publish an
appropriate correction statement or erratum.

1X



Academic Platform Journal of Engineering and Smart Systems

4. Publisher Responsibilities
Editorial autonomy

Academic Perspective Foundation is committed to working with editors to define clearly the respective
roles of publisher and of editors in order to ensure the autonomy of editorial decisions, without
influence from advertisers or other commercial partners.

Intellectual property and copyright

We protect the intellectual property and copyright of Academic Perspective Foundation, its imprints,
authors and publishing partners by promoting and maintaining each article’s published version of
record. Academic Perspective Foundation ensures the integrity and transparency of each published
article with respect to: conflicts of interest, publication and research funding, publication and research
ethics, cases of publication and research misconduct, confidentiality, authorship, article corrections,
clarifications and retractions, and timely publication of content.

Scientific Misconduct

In cases of alleged or proven scientific misconduct, fraudulent publication, or plagiarism the publisher,
in close collaboration with the editors, will take all appropriate measures to clarify the situation and to
amend the article in question. This includes the prompt publication of a correction statement or
erratum or, in the most severe cases, the retraction of the affected work.




Academic Platform Journal of Engineering and Smart Systems

Contents

Review Articles ‘

Title Authors Pages

Generative Artificial Intelligence: A Historical and Future Hatice Kiibra KILINC, 0. Fatih =8
Perspective KECECIOGLU 47-5

Research Articles

Title Authors Pages

A New Approach in Metaheuristic Clustering: Coot

Clustering Gokhan KAYHAN, Ismail ISERI 59-67

X1



Review Article

Academic Platform Journal of Engineering and Smart Systems (APJESS) 12(2), 47-58, 2024

ApJESS Received: 30-Nov-2023 Accepted: 27-Feb-2024

0 Smart Sysfems homepage: https://dergipark.org.tr/tr/pub/apjess (:)
https://doi.org/10.21541/apjess.1398155

Generative Artificial Intelligence: A Historical and Future Perspective

*I Hatice Kiibra KILINC, 2. Fatih KECECIOGLU

“I Corresponding Author, Department of Electrical and Electronics, Kahramanmaras Siitcii imam University, Tiirkiye, hatice.kubra.cs@gmail.com

2 Department of Electrical and Electronics Engineering, Kahramanmaras Siitgii Imam University, Tiirkiye, fkececioglu@ksu.edu.tr

Abstract

The artificial intelligence field has seen a surge in development, particularly after the advancement of Generative Adversarial
Network (GAN) models, resulting in a diverse range of applications. The varied usage of generative models significantly
enhances the importance of this domain. The primary focus of this article is the history of generative models, aiming to provide
insights into how the field has evolved and to comprehend the complexities of contemporary models. The diversity in application
areas and the advantages introduced by these technologies are explored in detail to facilitate a thorough understanding, with the
expectation that this knowledge will expedite the emergence of new models and products. The advantages and innovative
applications across sectors underscore the critical role these models play in industry. Distinguishing between traditional artificial
intelligence and generative artificial intelligence, the article examines the differences. The architecture of generative models,
grounded in deep learning and artificial neural networks, is compared briefly with other generative models. Lastly, the article
delves into the future of artificial intelligence, addressing associated risks and proposing solutions. It concludes by emphasizing
the significance of the article for new research endeavors, serving as a guiding resource for researchers navigating critical

discussions in the field of generative models and artificial intelligence.

Keywords: Generative artificial intelligence; Generative adversarial network; Artificial intelligence

1. INTRODUCTION

In this section, the concept of Generative artificial
intelligence (Al is briefly explained, covering its historical
development until the year 2023, along with the techniques
and technologies it is associated with. Generative Al is an
artificial intelligence technology capable of creating various
products in different application areas using data such as
text, sound, images, and in some models, both text and
images. The ability of Generative Al models to rapidly
generate high-quality text, visuals, and videos has increased
their visibility. While the definition of Generative Al may
seem recent, its roots trace back to the 1940s [1].

Scientist Claude Shannon's publication, in which he divided
communication into five fundamental components; source,
transmitter, channel, receiver, and destination. The
introduced model name is Shannon-Weaver. This model is
one of the first and most effective communication models
used to develop artificial language models [1]

The first chatbots of the 1960s can be considered as primitive
versions of the advanced chatbots used today [2]. ELIZA
was introduced as a chatbot simulating conversation and was

published as one of the significant works in human-computer
interaction in the 1960s [2]. Research during the 1960s and
70s focused on implementing computer vision and utilizing
some fundamental recognition models. During this period,
more advanced expert systems were developed. Harold
Cohen's AARON computer program, designed to create art,
stands as one of the early examples of generative artificial
intelligence in the field of computer vision [3][4]. The field
of machine learning typically employs statistical models,
including generative models, to model and predict data. In
this field, advancements in neural networks and deep
learning since the 2000s have led to progress in technology's
ability to automatically parse text, classify image elements,
and convert speech to text through learning models [5].
Following the emergence of deep learning, there has been
accelerated progress and research in image classification,
speech recognition, natural language processing, and other
tasks [6]. Modern generative artificial intelligence is
primarily based on deep learning techniques, and as a result,
generative Al has rapidly evolved in the 2010s.

In 2014, with the introduction of Generative Adversarial
Networks (GANs), a type of machine learning algorithm,
generative artificial intelligence became capable of creating
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convincingly original images, videos, and sounds

comparable to those produced by humans [7].

This deep learning technique, developed by lan Goodfellow,
introduced a new approach to adversarial neural networks
that generate content variations and perform ranking. In this
model, two different neural networks compete with each
other. These models can produce realistic human-like
images, sounds, music, and text [7]. Advancements in other
neural network techniques and architectures have
contributed to the expansion of generative artificial
intelligence capabilities.

In 2017, with the introduction of transformer libraries and
subsequent years' developments in generative network
models, there was a significant acceleration in progress
[8][9]. Transformer models and large language models
triggered groundbreaking advancements. Transformers, a
type of machine learning, enabled researchers to train larger
models without the need to pre-label all data. This allowed
new models to be trained on more extensive datasets,
providing more realistic responses to text [8].

Additionally, Transformers can make inferences by
deciphering connections between sentences, pages, or
chapters. The transformers library, introducing a new
concept called attention, enables the establishment of these

connections, providing opportunities for novel research not
only in textual contexts but also in analyzing code, proteins,
chemicals, and DNA [10], [11], [12], [13]. Detailed
information on this topic is provided under the heading
"Applications of Generative Artificial Intelligence." This
technology has the potential to assist in future endeavors
such as coding, designing new drugs, product development,
reengineering business processes, and transforming supply
chains [14].

The Transformers library paved the way for the emergence
of Generative Pre-trained Transformer (GPT) in 2018 [15],
[16]. In 2021, the release of DALL-E, a pixel-generating
model based on Transformers, followed by Midjourney and
Stable Diffusion, has given rise to practical, high-quality
artificial intelligence art stemming from natural language
prompts [17].

Although generative artificial intelligence models can
produce intriguing texts and realistic images, the current
years represent the early stages of the technology's
development. Consequently, we may encounter products
with lower accuracy. Among other techniques, there are
variational autoencoders (VAE), long short-term memory
(LSTM), transformers, and diffusion models [18], [19], [20].
The developmental timeline of generative artificial
intelligence is illustrated in Figure 1.

1956 1958 1964 1982 1997 2013 2014
— 0 e - & T & O
Artificial Frank Rosenblatt, The first "ARecurrent  "Amore complex type "A generative "When compared with
Intelligence the schematic of a functional Neural of RNN, called LSTM model called the simple concept
was device simulating generative Network (Long Short-Term Variational underlying GANS, the
introducedas  processes in the artificial (RNN) was Memory), was Autoencoders theoretical foundation of
ascience. human brain, intelligence, created, developed, allowing (VAE) was Variational
proposed the ELIZA, was takinginto efficient processing of created.” Autoencoders (VAE) has
world's first neural  developed asa account long sequences of ahigher degree of
network, called the chatbot. _ previous data and capt:mng complexity, and that's
perceptron. information pattems, why GANs have been
and more widely preferred.”
generating
sentences.”
2015 2017 2018 2021 2022 2023
O T - # - - T -
“Introduced were "A deep learning "GPT is a type of “The artificial "Open-source "GPT-4, released in
autoencoder models architecture, large language intelligence Stable Diffusion March 2023, is a
that incorporate noise named model introduced platform DALL-E, and proprietary language model
into existing training  Transformers, by OpenAl." designed for Midjourney Al capable of
dataandreversethe  was proposed.” generating and image creation generating texts
process to restore the editing unique tools were longer than 25,000
data.” artworks and introduced.” words."

realistic images,
was released.”

Figure 1. Generative Artificial Intelligence Development Timeline
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2. MATERIALS AND METHODS

Generative artificial intelligence models provide an effective
way to represent the desired content type and efficiently
iterate over useful variations. It is necessary to train the
generative artificial intelligence model for a specific use
case. The most general representation of the model flow is
outlined in the visual depicting the key stages in model
generation. Language models and generative models
collaborate in this process. Figure 2. gives the general flow
of generative models.

Dataset 3 .Generative model 5. Product

ceece &
eeed) @esee
ceeee &
[

ceeed)  @eseeg

4.Performance

2.Large language
criteria

model

Figure 2. Generative model
2.1. Generative AI Model Training

Different use cases can be achieved with customized models.
For example, the popular GPT model developed by OpenAl
is used for text generation based on written descriptions,
generating code, and creating images [21], [22]. However,
this product may not provide useful results, for instance, in
drug design. The training process involves adjusting the
model parameters for different use cases. Subsequently, fine-
tuning is performed on a specific training dataset to refine
the results. For instance, a call center could train a chatbot
based on the types of questions received from various
customer types and the responses given by service
representatives. In the case of an image-generating
application, unlike text, it can start by defining the content
and style of images with labels to train the model to generate
new images.

2.2. Generative AI Models Architectures

There is a strong connection between generative models and
artificial neural networks. Generative models represent a
specific type of artificial neural network, designed for
generative tasks such as data generation, data synthesis, or

Fine-Tuning

-

data modification by forming a subset of artificial neural
networks. Generative models typically start with an artificial
neural network called a generator. This generator creates
new data samples using random inputs, often referred to as
samples. Generative models like Generative Adversarial
Networks (GANs) express a competitive structure between a
generator network and a discriminator network. Due to this
structure, they are defined as Generative Adversarial
Networks (GANs) [7]. The goal is for the generator and
discriminator to collaborate and learn to produce more
realistic data. Generative models are particularly used in the
field of machine learning for generative tasks, including text
generation, image synthesis, and sound production. They can
also take on tasks such as classification, regression,
clustering, and other machine learning techniques.

The generative model architecture represents a type of
artificial neural network architecture that forms the
foundation for many generative artificial intelligence
applications. The generative model architecture is shown in
Figure 3. This type of model is used to generate new data
samples or modify existing ones. This generative model
architecture is especially utilized in techniques like GANs.
GAN:Ss constitute a significant subfield of generative artificial
intelligence, used for various applications such as generating
or modifying text, images, videos, music, and other content
types. The basic components of the generative model
architecture can be defined as the generator, discriminator,
loss function, training process, and the products.

1. Generator: The generator, the main component of the
generative model, creates new data samples. Typically, these
samples are expected to resemble the data distribution and
appear as if they were real data. The generator takes a
random vector as input and transforms this vector into a
realistic data sample. For example, a generator for text
generation can create a text sample.

2. Discriminator: The discriminator is another neural
network that attempts to distinguish data samples created by
the generator from real data. By determining the difference
between real and fake examples, the discriminator provides
feedback. This feedback helps the generator learn to produce
more realistic samples. The term Generative Adversarial
Networks (GANs) is used to describe this competitive
structure.

generation

paramataras

generated
output

H ?

Figure 3. Generative model architecture
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-

paramelers

Academic Platform Journal of Engineering and Smart Systems (APJESS) 12(2), 47-58, 2024 49



Hatice Kibra KILING, O. Fatih KECECIOGLU

Generative Artificial Intelligence: A Historical and Future Perspective

3. Loss Functions: Both the generator and the discriminator
use a loss function during training. While the generator tries
to produce fake samples that are less detected by the
discriminator, the discriminator attempts to correctly
distinguish between real and fake examples. These loss
functions guide the training of the model.

4. Training Process: The training process is based on game
theory, where the generator and discriminator compete. As
the generator learns to produce more realistic examples, the
discriminator develops the ability to distinguish between
fake and real data. This process typically continues over
many iterations.

5. Result Generation: When training is complete, the
generator can create new data samples. These samples are
usually generated using a random input vector. The generator
transforms this input into a realistic data sample to produce
the final result.

Generative  Artificial Intelligence  (Generative Al)
encompasses a set of techniques and approaches that allow
the creation of new content. Some of the most advanced and
commonly used techniques in this field include the
following.

3. GENERATIVE MODELS AND ADVANCED
TECNIQUES

In this section, we examined different generative models.
The flow chart of the three basic generative models is shown
in Figure 5.

1. Generative Adversarial Networks (GANs): GANs are
one of the most popular techniques in generative artificial
intelligence. They consist of two main components: the
generator and the discriminator. While the generator aims to
produce new data samples, the discriminator tries to
distinguish between these samples as real or fake. This
involves a continuous competition based on game theory,
ultimately resulting in the generation of more realistic data

[7].

2. Variational Autoencoders (VAEs): VAEs are a type of
autoencoder used to represent the essence of a dataset. They
learn the distribution of the dataset and can generate new data
samples by producing random examples [18].
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Figure 4. Generative model comparison
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Figure 5. Flowchart of different generative models

Diffusion

3. Diffusion Models: Diffusion models generate new data
samples by iteratively adding noise to an initial data point
and then cleaning this data by removing the noise. At the end
of the diffusion process, the initial data point reaches a final
state as a noisy data point. Subsequently, this noisy data
undergoes a backward cleaning process. This process aims
to gradually reduce the noise and clean the data, ultimately
obtaining a new and realistic data sample [23], [24], [25].

When evaluating productive Artificial Intelligence models,
comparisons are made in terms of quality, diversity and
speed. This comparison is shown in Figure 4.

Generative Adversarial Networks (GANs) were proposed by
Goodfellow and his colleagues in a doctoral thesis [7], [26],
[27]. These networks are a technique inspired by game
theory, operating as a deep learning model with two distinct
artificial neural network models working concurrently. In a
competitive manner, these two models are the generative and
discriminative models. While generative models attempt to
generate, for samples, an image of a cat, the discriminative
model is tasked with determining whether it is real or not.
Real examples of X with corresponding Y labels are
provided, where the label does not necessarily have to be
present in every case. Generative Adversarial Networks,
utilizing unsupervised learning, do not always require
labeled input.

As seen in Figure 6, the generative model G, which is a deep
neural network, attempts to generate new images by adding
noise to the latent vector. The discriminative model D tries
to distinguish between the generated images as real or fake,
and then undergoes model updates for fine-tuning. The loss
values from the generative and discriminative models are
defined as a minimax game in this

mGinmglx V(D,G) = B~ piaay [logD(x1¢c)]+

Eyop,llog 1 =DG(z 1))
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adversarial training. The formula for the loss function is
given in Equation (1. The minimax algorithm is expected to
minimize the losses from the adversarial training. While D,
the Discriminator model, tries to maximize the result, G, the
Generator model, aims to minimize it. The term X in the first
sum represents real images sampled from the data
distribution  Pyarax) - D(X) is the value generated by the

discriminator for real images. The generator model is
represented by G(z), where z is a randomly given value. G(z)
is the fake image generated by the generator model. D(G(z))
is the value given by the discriminator for the fake image,
and this value is subtracted by 1 in the formula. The
discriminator tries to increase the value for real images and
decrease it for fake images. The optimal point where both
networks reach equilibrium is a Nash equilibrium, and it is
expected that the generator model improves to the point
where the discriminator can no longer distinguish fake
images. The general pseudocode of the GAN model is as
Figure 6. [28].

Input: x© sample of real image, z(¥ latent vector
Output. G (zi) sample of generated/fake image
1. For iteration_num do
2, For count_num (k) do
3. Generation of fake image {G(z("), ..., 6(z™)}
Real images are taken {xm, run x(m)}
Training of D Updating the weight parameters: Vg = #Z{’;, [log D(x‘) +

log (1 -D (G(zi)))]

4. end for
5, Generating of fake image {G(z(1), ..., 6(z™)}

Training of G weight updating: Vgﬂ= %2’5’;1]0g (1 -D (G(zi)))
6. end for

Figure 6. Pseudocode of GAN

The discriminative network (D) is shown alongside the
generative model (G). The two nested for loops in the
algorithm continually compare the G and D models. When
they start producing convergent values, Nash equilibrium is
achieved, and the loop ends. The discriminative model (D)
can employ binary classifiers to distinguish between fake
and real images. The number of iterations specifies how

Real samples
X

............................... >

Latent space

Generated fake -
sample G(z) o
— .0..
G
-------- >

.............

Fine-tuning

Figure 8. GAN architecture

Discriminative Model

many times the networks will be trained. The GAN
architecture is shown in Figure 8.

3.1. Generative Al vs. Traditional AI

Both generative artificial intelligence (Generative Al) and
artificial intelligence (AI) utilize machine learning
algorithms to achieve their outcomes. However, they have
different purposes and objectives. Generative Al aims to
create new content, while Al delves deeper and goes where
the algorithmic coder intends to take it. These AI models can
be used for better decision-making, eliminating issues
arising from repetitive tasks, or detecting abnormalities and
providing alerts for cybersecurity.

In contrast, Generative Al finds its place in creative fields
such as art, music, and product design while also playing a
significant role in the business world. Al itself has a strong
foothold in the business domain, particularly in enhancing
business processes and improving the performance of data
analytics Table 1. provides a comparison.

While both types of Al share the foundation of machine
learning, their distinct goals lead them to different
applications and areas of focus. Generative Al seeks
innovation and creativity, whereas traditional Al is often

employed for problem-solving and efficiency in various
business domains.
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Figure 7. Types of applications for Generative Al.
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Table 1. Generative Al vs. Traditional Al

Traditional AI

Generative Al

Data Requirements:
Content Generation:
Problem Solving:
Limitations:

Flexibility:

Training Time:

Machine Learning Type:
Application Areas:

analysis, etc.

Task Type & Use Cases:

Problem Type Suited for well-defined problems
Rule-based systems, utilizes supervised or
Approach: . - L
unsupervised learning for predictions
Strengths: Highly successful in solving specific, well-defined
problems
Weaknesses: Challenges in adapting to real-world complexity

Requires labeled data for supervised learning or
unlabeled data for unsupervised learning

Operates within predefined rules; unable to create
entirely new content.

Tackles complex problems as a whole entity

Constrained by pre-established algorithms and rules

Less adaptable to new data or tasks

Depends on model complexity and data volume

Primarily uses supervised learning algorithms

Handles classification, regression, decision-making

Demands extensive training data to recognize patterns
and generate unique content

Excels at creating novel and diverse content from
scratch.

Breaks down complex problems into manageable
parts

May produce content that doesn't always reflect real-
world scenarios, potentially biases

Adapts well, capable of producing varied outputs
based on input changes

Training Generative Al models can be resource-
intensive and time-consuming

Utilizes unsupervised learning algorithms for model
generation

Mainly used for data analysis, production, sentiment  Applied in natural language processing, chatbots, art,

design, etc.

Excels in generating audio, text, visuals, 3D designs,
process planning, and multitask analysis

Effective in providing solutions to open-ended
problems

Employs a dynamic, flexible model to generate new
data based on learned patterns

Facilitates creativity, versatile across various
application areas

Evaluating the quality of generated content poses
difficulties; performance criteria are diverse.

3.2. Applications of Generative Al

We aimed to explain this field difference studies more
clearly in Figure 9, where we show various models according
to their application types. Generative Al has a broad range of
applications and can be used in various fields. Figure 7.
provides an overview of the general types of applications.
Some of these areas include:

1. Text Generation: Generative Al can produce text,
articles, stories, and poems using text-based data. It relies on
language models such as GPT-3, GPT-4, LaMDA, and
LLaMa, which are trained on words or tokens [21], [29]. This
enables natural language processing, machine translation,
text synthesis, and similar processes to provide users with
content types mentioned above [22], [27].

2. Image and Visual Content Generation: Realistic works
are created using models like GANs, Diffusion,
Transformers, and VAE [18]. Systems trained with text,
image, or model-dependent sound inputs, often utilizing
neural systems, are commonly used. Tools like DALL-E,
Stable Diffusion, and Midjourney are frequently employed
in this context.

3. Music and Sound Production: Generative Al can
produce new music notes or sounds, including generating
original compositions, creating automatic music, or
combining different musical styles. Models like MusicLM

and MusicGen, trained on the sound waveforms of recorded
music, are notable examples in this domain [30], [31].

4. Video and Animation Production: Generative Al
models with significant impacts on the digital publishing
sector can be utilized for creating videos, 3D animations,
commercials, and game development. Advanced models
used in filmmaking, animation, and creating game characters
have the potential to reshape industry dynamics [32]. Models
like RunwayML serve as examples in this category [33].

3.2.1. Various Industries Using Generative Al

1. Medical and Biomedical Research: Generative Al can
be employed for data analysis and generating experimental
results. It plays a role in producing new drugs and developing
generative models for molecules like SMILES, DNA, and
proteins [34]. What sets biomedical datasets apart is the use
of biological data during training. Generative models utilized
in biomedical research have the potential to make
breakthroughs in healthcare services. Analyzing high-
dimensional genetic and biological data can contribute to
disease analysis, identification of new drugs, drug design,
and the development of personalized treatments [10], [11].
This may include designing and optimizing genetic
sequences, producing organisms with specific traits, and
developing sustainable biomaterials. Generating or
simulating new organisms can serve various purposes [6].
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Figure 9. Illustrates various popular models based on their application types.

2. Generative Al in Robetics: A robotic system can be
trained in the movements of a robot for tasks like motion
planning or navigation, creating new trajectories. In robotics,
efforts have been made to develop robots capable of learning
the architecture of the human brain to achieve human-level
intelligence [35].

3. Application in Journalism: In January 2023,
Futurism.com published content indicating the use of an
undisclosed Al tool to write at stories for CNET. Following
the publication, CNET made corrections and republished 41
stories [36]. In April 2023, the German tabloid Die Aktuelle
published a fake interview generated by artificial intelligence
with former racing driver Michael Schumacher, who had not
appeared in public since suffering brain damage in a skiing
accident in 2013. The story included two possible
explanations: the cover featured the expression "deceptively
real," and there was a note at the end of the interview stating
that it was generated by artificial intelligence. Amid the
controversy, the editor-in-chief was dismissed shortly
thereafter [37]. As powerful language models capable of
publishing fake, misleading, and directing content have been
developed, mimicking deceased individuals poses a separate
risk factor.

Additionally, generative models can be used in finance, law,
architecture, and other fields. These applications
demonstrate the broad range of Generative Al. The rapid
advancement of technology continues to uncover new
applications and increase its impact in various domains.

4. THE FUTURE OF GENERATIVE Al

Generative Al provides frameworks that can be applied to
various fields such as text, images, videos, and coding,
enabling the development of products. The diversity and
abundance of use cases bring many benefits to industries but
also introduce new challenges. It is anticipated that new legal
regulations may be needed for these models. Many
companies have implemented chatbots to build their brand

and address the needs of customers and employees [38].
Customized generative models based on their own data are
now feasible for companies. They can leverage various
generative Al models to edit errors in code and write more
efficient code [39], [40]. Models that can evaluate multiple
hiring criteria easily to speed up the workflow and assist in
selecting potential employees for job postings may become
prevalent. They can also be utilized for evaluating risk
analyses within companies [41]. The diversity and
abundance of use cases bring many benefits to industries.

In the near future, we will witness models that facilitate
three-dimensional modeling, graphic design, architectural
drawings, drug development, fashion design, and streamline
workflow processes. These new models will also provide
opportunities for exploring different business ideas. The
timeline visualization of generative Al depicts its current and
potential future impact and applications in various fields.

4.1. Risks of Generative Artificial Intelligence Models

While the advancements in generative artificial intelligence
(AI) models bring excitement for their transformative
potential across various industries, they also introduce new
challenges and risks. A comprehensive exploration is
necessary to understand the potential outcomes, considering
both the benefits and drawbacks. These risks might extend
beyond the positive impacts of technology, leading to
significant consequences. In this section, we will address the
primary risks associated with generative Al models and
provide suggestions on how to enhance the safety of this
technology [26], [37], [42], [43].

1. Cognitive Biases and Discrimination: Generative Al
models can learn and reflect biases and discrimination
present in training data, potentially creating content with
discriminatory elements based on gender, ethnicity, or other
personal attributes. There's a risk that content generated by
generative Al might limit freedom of expression[44]. A
notable instance was ChatGPT's response in October 2023
regarding the rights of people in the occupied territories of
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Palestine, subject to genocide, to live freely[45], [46]. This
response from ChatGPT, a generative Al product, to the
question of whether the Palestinian people, under severe
oppression and genocide, have the right to freedom was
deemed inappropriate. When a similar question was asked
about Israel, the response was "Yes." The company altered
this response following reactions on social media. The
response given can be seen in Figure 10 [47], [48], [49], [50].

2. Exposure and Privacy Issues: These models may have
the ability to predict private or sensitive information, raising
the risk of unwanted disclosure or misuse of personal
data[S1], [52], [53], [54], [55].

7
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Do Israelis deserve justice? Do Palestinians deserve justice?
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Justice is a fundamental principle that The of justice for is
applies to all individuals and groups, a complex and highly debated issue. Many

regardiess of their nationality or
background. Israelis, like any other
people, deserve justice and the protection
of their rights. Justice should be pursued
for all, regardless of their nationality,

ity, or any other i

people and organizations advocate for the
rights and justice of the Palestinian
people, particularly in the context of the
Israeli-Palestinian conflict. Justice is a
fundamental principle that should be
pursued for all people, and it is important
to consider the perspectives and

(] of all parties involved to work
towards a peaceful and just resolution to
the conflict.

| @ I )

Figure 10. Asking ChatGPT about Israel/Palestine

3. Manipulation and Forgery: Generative Al models
capable of producing text, images, and video content elevate
the risk of manipulation and forgery. Fake news,
manipulated images, and videos generated by artificial
neural networks can deceive societies and cause harm[37],
[52], [56], [57]. Products like deepfakes, which use Al to
create realistic forged content, have been employed to
fabricate statements of celebrities and politicians[52], [56],
[57], [58].

Generative Al models capable of producing text, images, and
video content elevate the risk of manipulation and forgery.
Fake news, manipulated images, and videos generated by
artificial neural networks can deceive societies and cause
harm. Products like deepfakes, which use Al to create
realistic forged content, have been employed to fabricate
statements of celebrities and politicians[44], [56], [59].

4. Attacks and Cybersecurity: These models can be
exploited by malicious individuals for use in cyber-
attacks.[55], [57], [59] For instance, malicious generative Al
could produce fake content for phishing attacks. The ability
of generative Al to create realistic fake content has been
maliciously utilized in various cybercrime activities,
including identity fraud. Various large language models, like
WormGPT and FraudGPT, have been created to focus on
fraud. [37]. Deepfake videos and audio have been used for
disinformation and deception, and cybercriminals have
developed models such as WormGPT and FraudGPT for
fraudulent purposes [60].
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5. Biomedical and Ethical Concerns: Ethical compliance
of organism experiments developed using generative
models, especially in the medical field, is crucial. Studies on
organisms may lead to unforeseen risks, and measures to
prevent unwanted genetic mutations and conduct research
with  precision are essential. Protocols  should
comprehensively address these risks, and ethical
considerations must be a priority. While biotechnology can
contribute to environmentally friendly product development,
innovations in this area also open the door to serious ethical
issues[11].

6. Freedom of Thought and Expression Issues: Generative
Al models, with their content generation capabilities, may
pose challenges to freedom of thought and expression.
Societies might tend to restrict freedom of thought and
expression to balance the impact of such technologies [44],
[49], [58].

In our article that attempts to provide extensive and detailed
information about the development of generative Al and its
capabilities, Figure 11 suggests that professionals across
various sectors may be impacted by this field in the coming
years. In Figure 12, we requested the Al to draw Figure 11.
When we provided generative Al with a table and
information, it created two distinct designs for us that
represent the past and the future with visuals. The Al-
generated version of the table you see in Figure 11, in its
untuned state, can be examined in Figure 12.

The prompt given for the creation of Figure 12 was to
directly visualize Figure 11. In this process, the texts within
Figure 11 were extracted and visualized. The image you see
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is the first prototype. Figure 12 contains meaningless letters,
words, and objects. The reason for this is that it has not been
refined. The purpose presented here to the reader is not to
show a magnificent visual created with Al. Our goal is to
demonstrate an Al product that can be considered very
successful even in its first trial, containing meaningful parts.
Figure 12, obtained only from the first attempt without any
refinement or fine-tuning, is an example of the many
groundbreaking works discussed in the article and for new
studies that can be conducted.

S. CONCLUSION

This article explores the evolution of artificial intelligence
models, focusing particularly on the rapid technological
advancements in the field following the development of
Generative Adversarial Network (GAN) models. The broad
applications of GAN models underscore the critical
importance of artificial intelligence across various industries.
Additionally, the article delves into a historical review of
generative models, aiming to contribute to understanding the
transformations in the field and comprehending the
complexities of contemporary models. The article aims to
facilitate the rapid emergence of new models and products
by extensively discussing the advantages of artificial
intelligence technologies in various sectors and highlighting
the diversity in these domains. The importance of generative
adversarial network models for industries is emphasized,
showcasing the advantages and innovative applications they
bring. Furthermore, the article aims to provide benefits to
new researchers in the field by exploring the architecture of
generative adversarial network models and their pseudo-
code. Focusing on the future of artificial intelligence, the
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article thoroughly evaluates the risks associated with this
technology. This assessment encompasses critical
discussions within the artificial intelligence domain,
addressing ethical concerns. Particularly, attention is drawn
to the ethical issues associated with generative models,
urging for more in-depth research and solution proposals in
this regard. Various solution paths can be implemented to
mitigate the risks of Generative AI Models, and we have
listed a few.

e Correction of Training Data: Training data should be
meticulously corrected and supervised to eliminate
discrimination and biases.

e Explainability and Traceability: Efforts should be
made to better understand and trace the functioning of
generative Al models. This can help prevent potential
errors and misuse.

¢ Regulation and Oversight: Governments and industry
regulators should establish appropriate policies and legal
frameworks to monitor and regulate generative Al
technologies.

e Education and Awareness: Users and developers
should comprehend the risks of this technology and
contribute to efforts aimed at reducing these risks.
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Abstract

As a result of technological advancements, the increase in vast amounts of data in today's world has made artificial intelligence
and data mining significantly crucial. In this context, the clustering process, which aims to explore hidden patterns and
meaningful relationships within complex datasets by grouping similar features to conduct more effective analyses, holds vital
importance. As an alternative to classical clustering methods that face challenges such as large volumes of data and computational
complexities, a metaheuristic clustering method utilizing Coot Optimization (COOT), a swarm intelligence-based algorithm, has
been proposed. COOT, inspired by the hunting stages of eagles and recently introduced into the literature, is a metaheuristic
method. Through the proposed COOT metaheuristic clustering method, the aim is to contribute to the literature by leveraging
COQT's robust exploration and exploitation processes, utilizing its dynamic and flexible structure. Comprehensive experimental
clustering studies were conducted to evaluate the consistency and effectiveness of the COOT-based algorithm using randomly
generated synthetic data and the widely used Iris dataset in the literature. The same datasets underwent analysis using the
traditional clustering algorithm K-Means, renowned for its simplicity and computational speed, for comparative purposes. The
performance of the algorithms was assessed using cluster validity measures such as Silhouette Global, Davies-Bouldin,
Krznowski-Lai, and Calinski-Harabasz indices, along with the Total Squared Error (SSE) objective function. Experimental
results indicate that the proposed algorithm performs clustering at a competitive level with K-Means and shows potential,
especially in multidimensional datasets and real-world problems. Despite not being previously used for clustering purposes, the
impressive performance of COOT in some tests compared to the K-Means algorithm showcases its success and potential to

pioneer different studies aimed at expanding its usage in the clustering domain.

Keywords: Clustering, Metaheuristic, Coot Optimization, K-Means

1. INTRODUCTION

With advancements in science and technology, various data
mining methods are employed to transform increasingly
complex and irregular large-scale data into meaningful
insights through computer programs. Clustering, which
involves identifying hidden patterns and meaningful
relationships within data, poses one of the challenging
problems in the field of data mining. It entails grouping data
based on shared features and is commonly preferred as an
unsupervised learning technique [1]. Numerous classical and
heuristic algorithms exist for solving clustering problems.
Among classical clustering algorithms, the K-means (KM)
algorithm remains widely used due to its speed and
simplicity in operations [2]. However, challenges such as
getting trapped in local solutions due to erroneous initial
parameter selections and slow convergence for large datasets
persist in traditional methods, prompting the development of
new techniques. In recent years, metaheuristic optimization

algorithms, which excel in global searches and avoid getting
stuck in local solutions, have been frequently employed to
overcome the difficulties encountered by traditional
algorithms [3].

Many clustering studies in the literature utilize KM and
metaheuristic algorithms. For example, in the clustering of
multidimensional data, a new approach for preventing local
solution traps by considering the farthest points for initial
cluster center selection has been proposed for KM and
metaheuristic Particle Swarm Optimization (PSO)-based
clustering methods [4]. In another study, KM clustering was
used to group five different countries, including Turkey,
based on economic and financial indicators such as inflation
rates and stock indices [5]. Another application involved
clustering samples from 45 different crude oil sources based
on their physicochemical properties using the KM algorithm
[6]. To mitigate local optima issues in the traditional KM
algorithm, some studies have incorporated Levy flight
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equations. In the medical field, an image segmentation
application for brain tumor detection utilized Otsu
thresholding and KM clustering algorithms together [7]. A
hybrid clustering method was proposed for segmenting brain
MR images by combining the KM algorithm with the
metaheuristic Gray Wolf Optimization Algorithm (GWO),
demonstrating its success [8]. Comparing the metaheuristic
Sine Cosine Algorithm (SCA) with classical methods
yielded satisfactory results in segmenting multiple reference
images [9]. An evolutionary metaheuristic Genetic
Algorithm (GA)-based clustering method was suggested and
observed to be successful when compared to KM [1]. A
hybrid method created by combining Whale Optimization
Algorithm (WOA) with a classical clustering technique was
proposed and its success examined [10]. A Gray Wolf
Optimization (GWO)-based clustering method was
suggested and proven to be superior in many datasets
compared to six known metaheuristic-based clustering
algorithms [2].

A modified version of the COOT algorithm is introduced in
a study to address potential drawbacks, such as the
possibility of becoming stuck in local minima. Two novel
techniques, Opposition-Based Learning and Orthogonal
Learning are incorporated into this new version. Named
mCOOT, this algorithm has been tested on the
dimensionality reduction problem and has been
demonstrated to be superior to similar algorithms in terms of
classification accuracy and the number of selected features.
These findings highlight the effectiveness and practical
potential of the proposed algorithm [11]. In another study, a
novel hybrid COOT-ANN model is proposed, where the
COOT algorithm, previously unutilized in training ANNS, is
employed for classification tasks. The weight and bias values
of a single hidden layer ANN model are optimized using the
COOT algorithm instead of traditional gradient descent
algorithms. The performance of the proposed ANN model is
assessed in classification tasks using four distinct datasets
(wine, breast cancer, iris, glass) through experimentation
[12]. Additionally, a new approach proposed in a paper
combines deep convolutional neural networks (HDCNN)
with the COOT algorithm to predict disease risks. Initially,
an improved crossover-based Levy flight optimization
algorithm (ICLFDO) is utilized to process unstructured
textual data. Subsequently, the HDCNN-COOT approach is
implemented for more accurate disease predictions.
Furthermore, the classifier determines the future disease
risks for patients. The effectiveness of the proposed model is
evaluated using data obtained from the University Hospital
of Ludwig Maximilian University of Munich, Germany,
comprising 29,477,035 data items from 36,082 patients. The
model demonstrates superior performance in classification
accuracy and classifier performance across five different
datasets in experimental results [13].

In one study, a modified version of the COOT optimization
algorithm, called MCOOT, was introduced to solve the
community detection problem. MCOOT enhances the
exploration and exploitation capabilities by introducing
some modifications to the basic COOT method, thereby
providing more effective performance in community
detection problems. The results of the study demonstrate that
MCOOT exhibits superior or comparable performance

compared to other optimization methods. Therefore,
MCOOT 1is suggested as a competitive solution for
community detection problems [14]. In another study, a
meta-model-based approach has been developed for multi-
objective optimization in real building designs. This method
starts with building performance simulation using
EnergyPlus™ and then combines it with the Modified Coot
Optimization Algorithm (MCOA) and artificial neural
network meta-models (ANN-MM). The aim of this approach
is to minimize the sample generation used for training and
validation to achieve accurate optimization results. The
obtained results are compared with the Pareto front obtained
through simulation-based optimization, resulting in a 75%
reduction in computational power [15]. In another study, a
research is presented where six different meta-heuristic
algorithms are employed to address the community detection
problem. These algorithms have been adapted to be effective
in solving CD problems. Additionally, a fast approach has
been proposed to reduce the time cost when solving the
problem. Experimental results indicate that the COOT
algorithm is more effective than others, and the
CommunityID-based approach enables faster solutions.
Therefore, it is concluded that COOT can be an effective
alternative method for community detection problems, and
the CommunityID-based approach can provide significant
solutions in larger networks [16]. A study utilizing the
COOT algorithm focuses on gene selection strategy. The aim
of the study is to utilize microarray analysis of gene
expression for disease and cancer diagnosis and prognosis.
However, identifying gene biomarkers is challenging in
microarray cancer classification due to the complexity of
different cancer types and the high dimensionality of the
data. Therefore, the study proposes a gene selection strategy
using the binary version of the COOT optimization
algorithm, called BCOOT, to identify genes targeted for
cancer and disease classification. Three different binary
COQT variants are proposed: BCOOT, BCOOT-C, and
BCOOT-CSA. These algorithms are tested in conjunction
with a pre-filtering technique such as minimum redundancy
maximum relevance (MRMR). The experiments demonstrate
that the BCOOT-CSA approach outperforms other
techniques in terms of prediction accuracy and the number
of selected genes [17]. Another study introduces a hybrid
approach combining machine learning algorithms with
expert medical knowledge for precise classification of brain
MRIs. In the proposed classification system, a
comprehensive feature set is extracted using GLCM.
Additionally, the feature extraction process is enhanced
using COOT optimization, resulting in improved features.
Finally, a model trained with CNNs achieves increased
accuracy in classifying new images [18]. COOT
optimization has been utilized to predict disease risk using
patients' medical data, and a COOT-based hybrid deep
convolutional neural network (HDCNN) is proposed. Within
the scope of the study, unstructured textual data was
processed using an improved crossover-based levy flight
optimization algorithm (ICLFDO). Subsequently, disease
prediction was performed using the HDCNN-COOT
approach. The effectiveness of the proposed model was
evaluated on a large dataset obtained from the University
Hospital of Ludwig Maximilian University of Munich,
Germany. Experimental results demonstrate that the
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proposed model achieves higher classification accuracy and
improved performance of classifiers [19].

In this study, the aim is to achieve accurate and effective
clustering using the swarm intelligence-based metaheuristic
method called COOT optimization algorithm, known for its
flexible structure in handling multidimensional data and its
adaptability to complex data structures, to overcome the
issues of getting trapped in local optima with classical
clustering algorithms.

The organization of the paper is as follow: In Chapter 2, an
explanation is provided for the materials and methods
utilized in the study. In Chapter 3, the results of the proposed
method are presented comparatively. In Chapter 4, the
conclusions and future directions of the study are introduced.

2. MATERIALS AND METHODS

The COOT metaheuristic clustering algorithm is applied to
synthetic datasets and the Iris dataset obtained from the UCI
Repository to evaluate performance [20]. The Iris dataset
comprises measurements of various flower species, totaling
150 samples with attributes such as sepal and petal lengths
and widths. On the other hand, synthetic dataset 1 (SV-1)
comprises 400 data points, while synthetic dataset 2 (SV-2)
comprises 500 data points. SV-1 dataset consists of 4
clusters, whereas SV-2 consists of 5 clusters. Each cluster
contains 100 data points randomly distributed around a
center. A comparison is drawn between this method and the
classical KM algorithm, using criteria such as Silhouette
Global (SG), Mean Davies-Bouldin (DB), Krzanowski-Lai
(KL), and Calinski-Harabasz (CH) to determine cluster
validity. Detailed experimental outputs are presented in the
findings section. MATLAB 1is used to assess the
effectiveness of the COOT clustering algorithm on the Iris
dataset and two randomly distributed synthetic datasets. The
classical KM algorithm is also implemented on the same
datasets. Each algorithm yields four different performance
index values, enabling a comparative analysis between the
proposed COOT algorithm and KM. The steps of the KM
algorithm are outlined in Figure 1. The initial selection of
clusters and centroids significantly influences the algorithm's
performance. Additionally, KM tends to converge toward
local solution points, potentially incurring high costs when
handling large datasets.

The algorithms in this study aim to minimize the Total Sum
of Squared Errors (SSE) as the objective function in each
iteration. SSE represents the sum of the squares of distances
between each data point and its assigned cluster centroid. In
each cycle, the objective is to find cluster centroids that
minimize the SSE value. A smaller SSE indicates
homogeneity and similarity among the data points within
clusters. Here, k denotes the number of clusters, m;
represents the j-th cluster center, | g j| denotes the number of
elements in the j-th cluster, x; signifies the i-th data vector,
||xl- - mj” represents the FEuclidean distance, and
j=(1,2,...,k). SSE is computed as shown in Equation 1.

SSE = Y, 219, — my||” )

=1

Performance indices are utilized as quality measures to
assess and compare the performance of clustering
algorithms. These indices offer insights into the accuracy of
the clustering process. In clustering algorithms, the aim is to
have high similarity within clusters among their own
elements and low similarity across different clusters.

The Mean Davies-Bouldin (DB) index is computed by taking
the average of the total sums of maximum similarities
between each cluster and other clusters, considering k
clusters. A lower value of this index indicates successful
clustering, signifying homogeneity within clusters and
significant dissimilarity among clusters [21]. Here, k
represents the number of clusters, x denotes cluster elements,
mi stands for the i-th cluster center, |g]-| represents the
number of elements in the j-th cluster, and d(m;m;)
symbolizes the distance between i-th and j-th cluster centers.
o; and g; represent the averages of the distances between data
vectors and their respective centers within i-th and j-th
clusters (as in Equation 2). Mean DB is calculated as shown
in Equation 3.

1
0; = @eré,jllx - m|? 2
_ l k gitaj
Mean DB = p i n;lflx (—d(mi'mj)) 3)

1 Initially, select random pq, U, ... U

2 For each data point x;, use the following formula
to determine the closest centroid:

argmin || x; — will?
3 Here, ||x; — u]-ll2 denotes the squared Euclidean
distance between x; and centroid y;

4 Assign each data point to its closest centroid.

5  Calculate new cluster centroids based on the assigned
data points:

K== ) x

6  Here, c;represents the set of data points assigned to

centroid j.

7  Stop if there is no change in centroids or upon reaching
a certain number of iterations.

Figure 1. Pseduo code for Kmeans
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The Calinski-Harabasz (CH) index used in evaluating
clustering performance takes into account the similarities
between clusters, yielding a higher value when clusters are
well-separated. Ideally, clusters should exhibit high intra-
cluster homogeneity and low inter-cluster similarity for an
effective clustering. A high CH index signifies greater
success in clustering [21]. Here, k represents the number of
clusters, n indicates the total number of elements in the
dataset, x;; denotes the j-th element of the i-th cluster, n;
signifies the number of elements in the i-th cluster, m;
represents the i-th cluster center, M signifies the center of
the entire dataset, Bj signifies the measure of similarity
between cluster centers (as in Equation 4), and W), signifies
the measure of intra-cluster similarity (as in Equation 5). The
calculation of the CH index is done as indicated in the
Equation 6.

CH = = (€]

By, =X nllm; — M||? )
. 2

Wi = 3, Tl — m| ©)

The Krzanowski-Lai (KL) index is a metric utilized to
determine the optimal number of clusters based on the slope
of the graph that emerges when the sum of squared distances
of each data point within a cluster to its cluster center (Z (k))
is computed separately for different chosen numbers of
clusters [22]. The KL index is formed by observing a rapid
decrease in the value of Z (k) until it reaches an appropriate
number of clusters, followed by a slow change after reaching
this optimal point. Here, denoting the number of clusters as
k, the KL index is calculated as shown in Equation 7 [23].
Using the number of clusters (k) where the KL index reaches
its maximum value is considered suitable for successful
clustering. Simultaneously, in this study, it serves as a
criterion for determining the success of clustering based on
the initially chosen number of clusters by the user.

DIFF (k) = [(k — D7k —1) - kZ/PZ(k)] (6)
__ | DIFF(k)
KLU = |5 @

The Silhouette Global (SG) index indicates how
homogeneous each clustered data point is within its cluster
and how separated it is from other clusters. Silhouette scores
are computed for each data point, and these scores' average
yields the global score. Ranging between -1 and 1, higher
values indicate successful clustering [23]. Here, n represents
the number of data set elements, S(i) denotes the Silhouette
score calculated for the i-th data point (Equation 8), a(i)
represents the average distance of the i-th point to other
points in its cluster, and b(i) indicates the average distance
of the i-th point to the nearest points in other clusters. The
SG index is calculated according to Equation 10.

~ _ b(D-a)
S(l) - max{a(i),b(i)} (8)
. d; . . d;
a(i) = % ,  b(i) = min (Zn—s") )
SG = ~%7,S(0) (10)

2.1. COOT Algorithm

The COOT optimization algorithm is designed by
referencing the movements of coots on the water. This
algorithm mimics four fundamental coot behaviors:

1- Random Movement: Coots explore different areas
by expanding their search field. If the algorithm
gets stuck in a local optimum, random movement
helps the coot escape from this situation.

2- Chain Movement: The algorithm calculates the
distance vector between two coots, and one coot
moves towards the other halfway. This movement
is based on the average position of the two coots.

3- Position Adjustment According to Group Leaders:
The algorithm simulates the adjustment of coot
positions based on group leaders. This is done by
considering the average position of the group
leaders.

4- Leader Movement: To direct the group towards a
specific target, the positions of leaders need to be
updated. These positions are calculated by seeking
a better position around the current best position.

The pseudocode for the Coot Optimization algorithm is
depicted in Figure 2.

The COOT algorithm initiates with an initial population,
evaluating the fitness of solutions using an objective function
after determining each coot's position. Subsequently, leaders
are selected, and coots update their positions through
different movements. This algorithm attempts to solve
optimization problems by combining random movements,
chain movements, position adjustments according to group
leaders, and leader movements. This method enhances the
likelihood of reaching the global optimum. The population
is initially created within the specified search area using
Equation 11, generating random positions for the coots.

CootPos(i) = rand(1,d) * (ub — lb) + b (11)

Here, CootPos(i) denotes the coot’s position, d signifies
the problem’s dimensionality, and b and ub represent the
lower and upper bounds of the search space (Equation 12).

Ib = [lby, lby, ..., 4]

ub = [ubl, ubz, ...,ubd] (12)
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Random Movement:

The coot updates its position in different parts of the search
space by Equation 13.

CootPos(i) = CootPos(i) + A x R2 x (Q — CootPos(i))  (13)

Random Movement involves selecting a random position Q
(Equation 14) within the search space for the coots to move
toward.

Q =rand(1,d).x (ub —lb) + b (14)

The value of R2 ranges between O and 1, while A is
computed using Equation 15.

A=1-L— (15)

Iter

Chain Movement:

The Chain Movement method determines a coot’s new
position based on the average position of two consecutive
coots using Equation 16.

CootPos(i) = 0.5 (CootPos(i — 1) + CootPos(i)) (16)

Position Adjustment According to Group Leaders:

Position Adjustment According to Group Leaders involves
selecting a leader and updating a coot’s position based on
this leader using Equations 17 and 18, respectively.

CootPos(i) = LeaderPos(k) +
2 % R1 = cos(2nR) * (LeaderPos(k)- CootPos(i))
(17)

k =1+ (i MOD NL) (18)

Here, NL represents the number of leaders, i signifies the
current coot’s index, k is the leader’s index, and R1 ranges
between 0 and 1.

Leader Movement:

Leader Movement adjusts the leader’s position around the
current optimal point using Equation 19.

LeaderPos(i) =
{B * R3 * cos(2mR) * (gBest— LeaderPos(i)) + gBest, R4 < 0.5

B * R3 * cos(2nR) * (gBest— LeaderPos(i))—gBest, R4 = 0.5
(19)

Where gBest represents the best-found position, R3 and R4
are random numbers between O and 1, R ranges between -1
and 1, and B is computed using Equation 20.

B=2-L— (20)

Iter

1  Set parameters:
Maxlterations,
Initial Population,
Objective Function Create initial population by
eq.11. Evaluate fitness of initial population,
Best position in Initial Population,
Iteration Count = 0

2 while Iteration Count < MaxIterations do

3 for each coot in Population do

4 Random Movement(each coot) by eq.13.
5 Chain Movement(each coot) by eq.16.
6 Pos Adj According to Group Leaders
(each coot) by eq.17.
7 Leader Movement(each coot) by eq.19.
8 Calculate Fitness of Coot
9 if Fitness of Coot is better than Best Position then
10 Best Position=Coot’s Position
11 end if
12 end for

13 Iteration Count+=1

14 end while

15 Solution: Best Position

Figure 2. Pseduo Code for Coot Optimization Algorithm

2.1.1. The Proposed COOT Clustering Algorithm
(COO0TCO)

The suggested COOTC algorithm is designed to cluster the
dataset using the specified number of clusters. This
algorithm utilizes a population of candidate solution vectors
containing cluster centroids and adopts the update principles
of the COOT algorithm based on fitness values, aiming to
determine the most suitable cluster centroids. It represents an
unsupervised clustering method.

The pseudocode for the proposed metaheuristic clustering
algorithm is depicted in Figure 3.
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7
8

9

10
11
12
13
14
15
16
17

Start

k = number of clusters, — m = total number of data points, V; = i-th data vector,
d = dimensionality of data vector, M= k-th cluster centroid, X = population
D’y = square of the Euclidean distance between i-th data and k-th cluster centroid
M(i,j)"¢ = j-th candidate cluster centroid in the d-dimensional i-th solution vector,
X; is the i-th candidate solution vector.

Load the d-dimensional dataset to be clustered.

Determine the appropriate number of clusters, set COOT parameters, and enter the maximum iteration count.

Create an initial random COOT population (P) containing starting candidate solutions. The population consists of
solution vectors containing cluster centroids, where each individual represents all cluster centroids.

Assign each data point to the closest cluster based on the distance between data points and cluster centroids. (Use the

square of the Euclidean distance D*(Vm, Mx))

Calculate the fitness value of each candidate solution vector (each individual) for SSE (Sum of Squared Errors). (The
fitness value of each solution vector measures the ability of cluster centroids to represent data points, evaluating how

well an individual's clustering solution performs.)

X1 (M@ M@ - MLk
yo |X2| [ M@D™ M@ - M2 k)M
Xl IM(N, DY MN, 24 - M(N, k)M

While (loop until termination condition is met, aiming for SSE minimization):
Select the optimal candidate solution vector (Xpest).
Explore and exploit new candidate solutions based on COOT using Xpes:.

Distribute the data to the new candidate solution clusters.

Calculate the SSE fitness value for the new candidate solution vectors (individuals).

if (the SSE value of the new candidate solution vector is smaller than the previous)

Update the candidate solution vector in the population.
end(if)
end(while)

Assign all data points in the dataset to the k optimal cluster centers and display the clusters.

Finish.

Figure 3. Pseudo Code for CootC Clustering Algorithm

Table 1. Comparison of Clustering Performances between COOTC and KM Methods

Datasets  Parameters Algorithm SIIndex DB Index CH Index KL Index SSE Index
Population:10 COOTC 0.8268 0.4041 990.1727 30.2769 7.5692
(SV-1) Iteration:50000 ’ ’ ) ) )
Feature Count:2
Cluster Countad KM 0.8268 0.4590 990.1727 30.2769 7.5692
Population:10 COOTC 0.8120 04382  2049.9039 46.5920 9.3184
(SV-2) Iteration:50000 ) ) ) ) )
Feature Count:2
Cluster Countes KM 0.6783 0.6017 1252.1985 73.6037 14.7207
_ Population:30 COOTC 0.7357 0.5873 561.6278  13657.4703  7885.1441
Iris Iteration:50000
Feature Count:4
Cluster Count3 KM 0.7344 0.5901 561.5937  13658.2020  7885.5666
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3. RESULTS

In Table 1, the performances of COOTC and KM algorithms
are compared by testing on different datasets. This
comparison was performed using the IRIS dataset obtained
from the UCI Repository and synthetically generated SV-1
and SV-2 datasets. The performance of COOTC and KM
algorithms has been evaluated using different metrics, and
the results are provided in Table 1. In the synthetic dataset
SV-1 with distinct separable clusters, both the KM and
COOTC algorithms demonstrate similar performances,
effectively clustering the data. This observation is further
supported by the evaluation metrics provided in Table 1.

Although with a slight difference, it's notable that in terms of
the Davies-Bouldin metric, COOTC exhibits a lower value
compared to KM. This suggests a potentially superior
performance of COOTC concerning this evaluation criterion.
Figure 4 depicts the data distribution and the cluster centers
determined by the methods.

In the complexly distributed synthetic dataset SV-2,
consisting of 5 clusters, KM's performance appears notably
low as seen in Table 1. Evaluative metrics position COOTC
as the most successful method. KM faces challenges in
discerning data within clusters that exhibit low separability,
potentially resulting in different cluster centers in each
attempt. This aspect signifies a notable weakness in the
method's performance compared to COOTC.

Figure 4 illustrates COOTC accurately determining the
optimal cluster centers, while KM tends to represent a larger
data group with a single cluster and a smaller data group with
2 clusters.

In Table 1, the COOTC method's performance metrics,
derived from the Iris dataset, are compared to those of KM.
Considering these metrics concerning the multidimensional

Iris dataset, success is demonstrated by the proposed
COOTC method in terms of SI, DB, and SSE metrics in
comparison to KM.

Data distributions and cluster centers identified by the
COOTC and KM methods across different combinations of
the four dimensions (sepal length, sepal width, petal length,
and petal width) are visualized in Figure 5 and concerning
the determination of cluster centers, it is observed that
COOTC is performed at least as effectively as the KM
method.

Synthetic Data 1

12 T :
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1F . e -
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Figure 4. Clustering Synthetic Data 1 and Synthetic Data 2
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Figure 5. Clustering for Iris Data
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4. CONCLUSION

This study introduces a novel clustering approach utilizing
the metaheuristic Coot Optimization algorithm for the
organization and analysis of numerical data. The
experimental results provide compelling evidence that the
proposed COOTC method exhibits comparable or superior
performance compared to the traditional K-Means (KM)
algorithm across various datasets, including the Iris plant
science dataset and synthetic datasets. Moreover, while the
COOTC method demonstrates similar performance to KM
when applied to low-dimensional and well-separated
datasets, it notably outperforms KM in the context of the
low-complexity Iris dataset. This dataset, characterized by its
high dimensionality yet homogeneous and distinct structure,
poses a significant challenge for traditional clustering
algorithms. However, the COOTC method effectively
addresses this challenge, showcasing enhanced performance
and providing promising insights for future research
endeavors in similar domains.

The findings of this study suggest that the COOTC method
represents a promising avenue for further exploration and
development in the field of clustering algorithms. Future
research efforts may focus on conducting comparative
analyses with additional metaheuristic clustering algorithms,
exploring hybridization strategies with various clustering
techniques, and evaluating the performance of the COOTC
method in real-world applications across diverse domains
and datasets. Overall, this study contributes to the
advancement of clustering methodologies by introducing a
novel approach that demonstrates efficacy and potential for
further refinement and application in practical settings.
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