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PREFACE 

We are delighted to express our sincere gratitude to all participants, speakers, and chairs for 
making The First International Conference on Mathematics and Applied Data Science 
(ICMADS’25) a memorable and successful event. The conference was held between 29–31 
August 2025 at Necmettin Erbakan University, Ahmet Keleşoğlu Campus Congress Centre 
(Konya, Türkiye), and featured both onsite and online participation. ICMADS’25 brings together 
leading researchers, leading experts and academics in the field of Mathematics and Data Science 
in order to explore and exchange ideas at the intersection of mathematics and data science, 
fostering innovation and collaboration.  
During the conference, 12 special sessions and 244 presentations (excluding invited/plenary talks) 
from 22 countries were delivered, creating a rich platform for sharing knowledge, fostering 
collaborations, and exploring the future of mathematics and applied data science. Also, 
• 6 Plenary lectures by distinguished scholars, 
• 8 Invited talks from leading researchers, and 
• 7 parallel sessions (a total of 63 sessions) covering mathematics, artificial intelligence, machine 
learning, optimization, cryptography, fractional calculus, and many other topics were 
successfully presented. 
ICMADS’25 represents a significant milestone in our ongoing efforts to foster and advance 
international cooperation. In this scope, on behalf of the organising committee of the conference, 
we extend our sincere appreciation to Plenary Speakers: Stuart Townley (University of Exeter, 
United Kingdom), Sihem Mesnager (The University of Paris VIII, France), Şeref Sağıroğlu (Gazi 
University, Türkiye), Hüseyin Merdan, (TOBB Economy and Technology University, Türkiye), 
Murat Sarı (Istanbul Technical University, Türkiye), Dumitru Baleanu (Lebanese American 
University, Beirut, Lebanon) and Invited Speakers: Yeliz Karaca (University of Massachusetts, 
USA), Jordan Hristov (University of Chemical Technology and Metallurgy, Bulgaria), Amin 
Jajarmi (University of Bojnord, Iran), Eray Cakici (Applied Materials, Frankfurt, Germany), 
Hossein Jafari (University of South Africa, South Africa), Jorge Eduardo Macias-Diaz 
(Autonomous University of Aguascalientes, Mexico), Carla M. A. Pinto (ISEP & CIDMA 
Polytechnic of Porto, Portugal) and Praveen Agarwal (Anand International College of 
Engineering, India). Also, we extend our gratitude to all authors for their valuable contributions 
and to the reviewers for their careful evaluations and constructive feedback. Our gratitude also 
goes to the members of the organizing and scientific committees for their commitment and tireless 
efforts in ensuring the success of this conference. We are equally thankful to the organisers of 
special sessions as well as our institutional partners, sponsors, and supporters for their continued 
encouragement and collaboration. 
We extend our sincere best wishes to all participants, trusting that they departed with valuable 
insights, enriched ideas, and newly established or strengthened scientific collaborations. We hope 
the ICMADS’25 conference proved to be both enjoyable and memorable for everyone. 
On behalf of the organisation committee, 

Chair      Co-chair       Co-chair 
Mehmet Yavuz     Stuart Townley       Parvaiz Ahmad Naik 
Necmettin Erbakan University, Türkiye;  University of Exeter,       Youjiang Medical University  
Kyrgyz-Turkish Manas University   United Kingdom                  for Nationalities, China 
Kyrgyzstan 
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CONFERENCE COMMITTEES 
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Cem Zorlu - Rector of Necmettin Erbakan University, Türkiye 
Alpaslan Ceylan - Rector of Kyrgyz-Turkish Manas University, Kyrgyzstan 
 
Chair 
Mehmet Yavuz 
Necmettin Erbakan University, Türkiye; Kyrgyz-Turkish Manas University, Kyrgyzstan 
 
Co-Chairs 
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Hardik Joshi, LJ University, India 
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Ercan Çelik, Kyrgyz-Turkish Manas University, Kyrgyzstan 
Fuat Usta, Düzce University, Türkiye 
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Yeliz Karaca, University of Massachusetts, USA 
Ahmet Sınak, Akdeniz University, Türkiye 
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Serkan Aracı, Hasan Kalyoncu University, Türkiye 
 
International Scientific Committee 
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Agarwal, Praveen, Anand International College of Engineering, India 
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Hristov, Jordan, University of Chemical Technology and Metallurgy, Bulgaria 
Imashkyzy, Meerim, Kyrgyz-Türkiye Manas University, Kyrgyzstan 
Iskender Eroglu, B. Billur, Balıkesir University, Türkiye 
Iyit, Neslihan, Selçuk University, Türkiye 
Jafari, Husain, University of South Africa, South Africa 
Jneid, Maher, Beirut Arab University, Lebanon 
Kalidass, Mathiyalagan, Bharathiar University, India 
Karabıyık, Ümit, Necmettin Erbakan University, Türkiye 
Karateke, Seda, Atlas University, Türkiye 
Konuralp, Ali, Manisa Celal Bayar University, Türkiye 
Korn, Ralf, University of Kaiserslautern-Landau, Germany 
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Sarı, Murat, Istanbul Technical University, Türkiye 
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Sınak, Ahmet, Akdeniz University, Türkiye 
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Adaptive Control: From Robust Feedback 
Through Learning Systems, to Emergent 
Complexity 

Stuart Townley 

Centre of Environmental Mathematics, Faculty of Environment, Science and Economy, 
University of Exeter, Penryn, United Kingdom 

Abstract 

Adaptive control is often viewed as one approach or paradigm, amongst many, in the feedback control of 
uncertain systems. These feedback approaches include model reference adaptive controls that “identify” 
system parameters, and also direct adaptive control approaches that simply “control”. Here we extend this 
adaptive control paradigm towards learning systems and as mechanisms for emergent complexity. Within 
this general setting, we specifically consider (i) learning bifurcations and (ii) learning complex behaviours. 
In mathematical terms, the underpinning asymptotic dynamics are explored through understanding and 
qualifying the learning systems’ attractor dynamics. 

Keywords: Adaptive control, complex behaviours, underpinning asymptotic dynamics. 

 Corresponding Author Email: s.b.townley@exeter.ac.uk 
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Mathematical Modeling of Asset Flow 
Dynamics 

Hüseyin Merdan 

TOBB Economy and Technology University, Türkiye 

Abstract 

In this presentation, I will provide a comprehensive overview of deterministic asset pricing models. I will 
introduce asset flow differential equations as a framework for modeling a single-asset market consisting of 
a group of investors and subsequently extend this approach to a two-asset market system. The derivation of 
these models is based on the assumption of a finite supply of assets, as opposed to unbounded arbitrage 
opportunities, and incorporates investment strategies driven by either price momentum (trend-following) 
or valuation-based considerations. 

Keywords: Ordinary differential equations for asset pricing, price dynamics, asset flow, dynamical system 
approach to mathematical finance 

References 

[1] G. Caginalp, G.B. Ermentrout, Numerical studies of differential equation related to theoretical 
financial markets, Appl. Math. Lett., 4, 35-38, (1991). 

[2] H. Bulut, H. Merdan, D. Swigon, Asset price dynamics for a two-asset market system, Chaos 29, 
023114 (2019). 

[3] H. Merdan, G. Caginalp, W. C. Troy, Bifurcation analysis a single-group asset flow model, 
Quarterly Applied Mathematics, Quart. Appl. Math. 74, 275-296, (2016). 

[4] H. Merdan, M. Alisen, A mathematical model for asset pricing, Applied Mathematics and 
Computation, 218, 1449-1456, (2011). 

[5] G. Caginalp, H. Merdan, Asset price dynamics with heterogeneous groups, Physica D, 225, 43-54, 
(2007). 

[6] G. Caginalp, Nonlinear price evolution, Quart. Appl. Math., 63, 715-720, (2005). 
[7] G. Caginalp, D. Balenovich, Asset flow and momentum: deterministic and stochastic equations, Phil. 

Trans. R. Soc. Lond. A, 357, 2119-2133, (1999). 

 Corresponding Author Email: merdan@etu.edu.tr 
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Modelling Real Behaviours with Artificial 
Intelligence 

Murat Sarı 

Istanbul Technical University, Department of Mathematical Engineering, İstanbul, Türkiye 

Abstract 

Predicting the behaviour of physical processes remains a fundamental challenge across scientific 
disciplines. While traditional computational approaches are often constrained by high costs and practical 
limitations, artificial intelligence (AI) offers a promising alternative for accurate and effective modelling. 
This work leverages AI methodologies to develop predictive models that closely mimic real-world process 
dynamics, even in highly complex scenarios. As a result, rather than emphasizing the importance of 
physical reality, this study demonstrates how successful artificial intelligence modelling is, even in 
extremely challenging situations. Our findings not only confirm the robustness of AI in behavioural 
prediction, but also provide a foundation for novel, scalable approaches to modelling intricate systems. This 
work contributes to the ongoing paradigm shift in computational science toward data-driven solutions. 

Keywords: Artificial intelligence modelling, steep behaviour, nonlinear behaviour, realistic process 

References 

[1] E. Kurul, H. Tunc, M. Sari and N. Guzel “Deep learning aided surrogate modeling of the 
epidemiological models”, Journal of Computational Science, 84, 102470, 2025. 

[2] Loske, A.M. (2017). “Shock waves as used in biomedical applications.” In Medical and Biomedical 
Applications of Shock Waves (pp. 19-42). Springer. 

[3] M. Sari, S. Duran, H. Kutlu, B. Guloglu and Z. Atik, “Various optimized machine learning 
techniques to predict agricultural commodity prices”, Neural Computing and Applications, 36, 
11439-11459, 2024 

[4] H. Tunc, M. Sari and E.S. Kotil, “Machine learning aided multiscale modelling of the HIV-1 
infection in the presence of NRTI therapy”, PeerJ, 11: e15033, 2023 

[5] H.U. Tuna, M. Sari, and T. Cosgun, “A discretization-free deep neural network-based approach for 
advection-dispersion-reaction mechanisms”, Physica Scripta, 99(7), 076006, 2024. 

[6] M. Sari, I.E. Yalcin, M. Taner, T. Cosgun, and I.I. Ozyigit, “Forecasting contamination in an 
ecosystem based on a network model”, Environmental Monitoring and Assessment, 195:536, 2023 

[7] M. Sari, I.E. Yalcin, M. Taner, T. Cosgun, and I.I. Ozyigit, “An investigation on environmental 
pollution due to essential heavy metals: a prediction model through multilayer perceptrons”, 
International Journal of Phytoremediation, 25(1), 89-97, 2023 

[8] T. Cosgun and M. Sari, “A novel method to investigate nonlinear advection-diffusion processes”, 
Journal of Computational and Applied Mathematics, 425, 115057, 2023 

[9] H. Tunc and M. Sari, An implicit-explicit local method for parabolic partial differential equations, 
Engineering Computations, 39(3), pp. 1020-1037, 2022. 

[10] S. Gulen, M. Sari and P. Celenk, “Neural network based techniques for steep behaviour represented 
[11]  by nonlinear advection–diffusion-reaction models”, Computational and Applied Mathematics, 44, 

300, 2025. 
[12] M. Sari, S. Gulen and P. Celenk “Various optimized artificial neural network simulations of 

advection diffusion processes” Physica Scripta, 99(11), 116016, 2024. 

 Corresponding Author Email: muratsari@itu.edu.tr 
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Generative Artificial Intelligence (GenAI) 
World and Mathematics 

Şeref Sağıroğlu 

Gazi University, Computer Engineering Department, IEEE Blockchain, Türkiye 

Abstract 

The speech will introduce the concept of Generative Artificial Intelligence (GenAI) having with the utilities 
and risks and emphasizing its role in leveraging mathematical models to innovate and solve problems; 
discuss recent advancements in GenAI technologies, focusing on improvements in model architectures and 
notable examples like GPT-3 and AlphaFold; explore the fundamental mathematical concepts behind 
GenAI, including probability, statistics, and their application in various GenAI architectures; highlight 
GenAI’s contributions to solving complex mathematical problems and its ability to generate new 
mathematical data for research; address the technical challenges such as model bias and overfitting, 
alongside the ethical concerns of GenAI deployment; encourage further interdisciplinary research between 
mathematicians and GenAI experts; and summarize the potential of GenAI in mathematics and its practical 
applications, ending with a look at future trends in the field. 

Keywords: Generative artificial intelligence, model architecture, leveraging mathematical models 

 Corresponding Author Email: ss@gazi.edu.tr 
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Some Open Problems in Fractional Calculus 

Dumitru Baleanu 

Lebanese American University, Beirut, Lebanon 

Abstract 

The fractional calculus is an extension of meaning. So, there are many types of fractional operators. In my 
presentation, I will discuss some open problems in the area of fractional calculus, particularly about newly 
introduced modified fractional operators. 

Keywords: Fractional calculus, modified fractional operators, nonsingular kernel 

 Corresponding Author Email: dumitru.baleanu@lau.edu.lb 
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Algebraic Equations over Finite Fields: Advances in 
Resolution Techniques and Practical Impacts in 
Coding Theory and Cryptography 

Sihem Mesnager 

Department of Mathematics, Universities of Paris VIII and Sorbonne Paris Cite North, 
LAGA, CNRS, France 

Abstract 

This talk will explore the challenge of solving algebraic equations over finite fields. This fundamental 
problem is growing in significance due to its critical applications in coding theory and cryptography. 
Addressing this problem from theoretical and practical perspectives is essential for advancing these fields. 
Traditionally, research has focused on determining the number of solutions for specific equations rather 
than explicitly deriving all possible solutions. While this approach has sufficed for particular applications 
in cryptographic function theory, a deeper understanding is necessary to achieve more comprehensive 
results. Expanding the toolkit for solving equations over finite fields will provide valuable resources for 
theorists, cryptographers, and coding theorists. We will begin by outlining our primary motivations before 
highlighting significant recent advancements in solving key algebraic equations over finite fields. We will 
then discuss the underlying methodologies and mathematical concepts that drive these developments and 
their impact on symmetric cryptography and coding theory. 

Keywords: Algebraic equations, coding theory, cryptography, cryptographic function theory 

 Corresponding Author Email: smesnager@univ-paris8.fr 
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Mathematical Modeling and Computational 
Complexity in Neurology and Virology: Medical and 
Clinical Applications with Fractals-Fractionals-
Wavelets and Quantum AI 

Yeliz Karaca 

University of Massachusetts (UMass) Chan Medical School, USA 

Abstract 

Mathematical modeling contributes to the comprehension of how neurological and virological diseases 
progress while tackling their dynamic and complex mechanisms including subtle attributes and patterns. 
Utmost attention is paid for not compromising specificity to achieve informed decisions, personalized 
health interventions and accurate diagnosis by incorporating fractal-fractional methods, wavelets, Hidden 
Markov (HM) modeling, and quantum machine learning methods, among others. Amid these affordances, 
quantum AI provides merging of quantum computing strength; thus, quantum computing may supercharge 
AI capabilities by removing constraints due to complexity, data size and time for solving problems. 
Quantum computers are operated on short pulses of light, ensuring practicality with data being converted 
into quantum bits rather than direct storage. This can be applied to different domains like medicine, 
neurology, biology, neurovirology, public health, which reflects quantum supremacy to timely solve 
problems. Regarding human brain, a heterogeneous medium with numerous synapses forming complex 
NNs, accuracy-oriented probing beside the computing of patterns in individual cells as well as neurons are 
required. Accordingly, fractal and multifractional-based predictive optimization model ensures stroke 
subtypes’ classification. Computational complexity modeling of micro–macrostructural brain tissues with 
dMRI signal processing and neuronal multi-components is achieved by fractional calculus operators, 
Bloch–Torrey PDE and ANNs. Quantum computing and AI within the foundational characteristics of 
mathematical modeling with applications provide a framework for real-life problems’ solutions towards 
achieving efficiency. Furthermore, fractal-fractional and wavelet methods, to cite a few, can be employed 
for characterizing complex dynamic patterns in various domains so specificity, self-similarity, significant 
attributes and singularities can be detected, which prove to be facilitating for physicians and clinicians with 
follow-up procedures, treatment regimens and precision medicine being managed so that patients’ life 
quality can be maintained. 

Keywords: Mathematical neurology; medical virology; virus biology; quantum AI; quantum complexity 
theory; WTMM; fractals; fractional calculus operators; Bloch–Torrey PDE; hidden Markov 

References 

[1] Karaca, Y. (2025), Mathematical Modeling of Human Hepatitis Medical Virology-Based Multifractal 
Wavelet Analysis by Quantum SVM Computing. In Global Virology V: 21st Century Vaccines and 
Viruses (pp. 453-477). Cham: Springer Nature Switzerland. 

[2] Karaca, Y. (2023). Fractional calculus operators–Bloch–Torrey partial differential equation–artificial 
neural networks–computational complexity modeling of the micro–macrostructural brain tissues with 
diffusion MRI signal processing and neuronal multi-components. Fractals, 31(10), 2340204. 

[3] Karaca, Y., Baleanu, D., & Karabudak, R. (2022). Hidden Markov model and multifractal method- 
based predictive quantization complexity models vis-á-vis the differential prognosis and 
differentiation of multiple sclerosis’ subgroups. Knowledge-Based Systems, 246, 108694. 

 Corresponding Author Email: yeliz.karaca@ieee.org 
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Basic Steps in Non-Local Modeling with 
Emphasis on the Application of Fractional 
Operators 

Jordan Hristov 

University of Chemical Technology and Metallurgy, Bulgaria 

Abstract 

The talk addresses basic principles in fractional modeling related to problems merging in nonlocal continua 
such as heat, mass, and momentum transfer, applied rheology, and other dynamic hereditary models. Two 
approaches have been considered: the constitutive approach based on fading memory and thermodynamic 
consistency and formalistic fractionalization. The analysis stresses the attention on the correct model build-
up when kernels of various types, dictated by the relaxation behavior of the physical process modeled, have 
to be applied and their physical and mathematical adequacies. 

Keywords: Fractional modeling, applied rheology, dynamic hereditary models, formalistic 
fractionalization 

 Corresponding Author Email: jyh@uctm.edu 
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Decision Optimization – From Theory to 
Practice 

Eray Çakıcı 

Applied Materials, Frankfurt, Germany 

Abstract 

Decision Optimization is a powerful tool that enhances decision-making in complex processes, particularly 
where the number of possible solutions to a problem is vast and finding the optimal solution is non-trivial. 
This presentation provides a comprehensive overview of Decision Optimization, beginning with its 
theoretical foundations and the increasing interest it has generated in both industrial and research settings. 
The discussion then explores key problem definitions and summarizes leading solution methodologies. 
Building on this foundation, the presentation delves into the practical applications of the field across diverse 
sectors such as logistics, manufacturing, and healthcare. Critical success factors and deployment challenges 
are highlighted, offering insights into what truly matters in operational environments. As discussed, 
Decision Optimization can provide significant financial benefits for many companies while accelerating 
decision-making processes. However, these savings can only be achieved if the solutions are successfully 
integrated with existing systems, people, and processes. Therefore, special emphasis is placed on the 
applicability of solution approaches. The session concludes with challenges encountered during 
deployment, lessons learned, and an outlook on future expectations, aiming to bridge the gap between 
theory and practice. It is intended for both academic researchers and practitioners seeking to increase 
awareness and ensure the long-term successful deployment of optimization. 

Keywords: Mathematical programming, decision optimization, operations research 
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A Numerical Scheme for Solving a Class of 
Variable-Order Differential Equations Using 
Operational Matrices 

Hossein Jafari 

University of South Africa, South Africa 

Abstract 

In this work, we use the operational matrices (OMs) based on Hosoya polynomials (HPs) and collocation 
method (CM) to obtain numerical solutions for a class of variable order differential equations (VO-DEs). 
The fractional derivatives and the VO-derivatives are in the Caputo sense. The operational matrices are 
computed based on the Hosoya polynomials (HPs) of simple paths. Firstly, we assume the unknown 
function as a finite series by using the Hosoya polynomials as the basis functions. To obtain unknown 
coefficients of this approximation, we computed the operational matrices of all terms of the main equations.  
Then, by using the operational matrix and collocation points, the governing equations are converted to a set 
of algebraic equations. Finally, an approximate solution is obtained by solving the algebraic equations. 

Keywords: Variable order differential equations, Hosoya polynomials, collocation method, operational 
matrix 

 Corresponding Author Email: jafarh@unisa.ac.za 

 

https://icmads.org/


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   18 

Advancing Mathematical Modeling through 
the Lens of Modern Fractional Calculus 

Amin Jajarmi 

Department of Electrical Engineering, University of Bojnord, Bojnord, Iran 

Abstract 

Scientific and engineering research has used mathematical modeling to describe, analyze, and predict 
dynamic systems. We now understand that the integer-order paradigm fails to capture memory effects, 
long-range dependencies, and hereditary influences in many natural and engineered systems. Fractional 
calculus is a fascinating and versatile mathematical paradigm that applies differential and integral operators 
to fractional orders [1]. The method allows dynamical models to directly incorporate memory and 
nonlocality into their mathematical structure, offering richer and more accurate representations of complex 
events [2]. Fractional-order models account for past states' effects on present dynamics, making them useful 
for modeling viscoelasticity, non-Markovian behavior, fractal geometries, and heterogeneous media. This 
detailed and critical explanation examines fractional calculus's role in real-world mathematical modeling 
[3]. In this talk, beginning with advanced fractional derivatives and integrals' theory, we discuss their 
formulations and suitability for different problem classes. Using this foundation, we explore the 
incorporation of new fractional dynamics into classical differential equations to enhance system behavior 
models. Next, we use innovative fractional-order techniques to simulate some real-world cases to show 
their accuracy, versatility, and descriptive power. These case studies demonstrate how advanced fractional 
models reveal system memory structure and hidden aspects of realistic phenomena. Consequently, this 
presentation proposes evolving fractional calculus from a specialized mathematical tool to a fundamental 
modeling paradigm with theoretical depth and practical applicability. The modern fractional approach 
improves scientists' and engineers' analytical tools and prepares them for a new modeling age that can 
handle real-world systems' complexity and memory dependence. 

Keywords: Modern fractional calculus, mathematical modeling, real-world applications 
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Overview of Models with Partial Caputo 
Fractional Derivatives 

Carla M. A. Pinto 

Instituto Superior de Engenharia do Porto, Portugal 

Abstract 

A partial Caputo fractional model blends classical and Riemann-Liouville terms in epidemiology and 
sociology. The Riemann-Liouville component introduces non-Markovian behavior, lowering transition 
hazard risk over time. This model generalizes standard Caputo models by combining fractional and classical 
terms. We prove well-posedness through fixed-point theory, with results on existence, uniqueness, and 
continuity. Fractional power-series solutions follow a Cauchy-Kovalevskaya-type theorem, and uniqueness 
relies on Gronwall- and Nagumo-like methods. Linear equations show global existence, series solutions, 
and stability via Mikusiński calculus. We discuss applications, stochastic extensions, and open conjectures. 

Keywords: Caputo fractional model, fixed-point theory, non-Markovian behavior, global existence 
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Numerical Calculation of the Extension of k-
Beta Function 

Praveen Agarwal 

Anand International College of Engineering, Jaipur, India 

Abstract 

A numerical method for efficient calculation of recently defined extension of k-beta function, based on 
quadrature formulas of Gaussian type, is proposed. The modified moments of an even exponential weight 
function on (−1, 1), with essential singularities at ±1, are calculated in symbolic form in terms of the Meijer 
G-function. The Mathematica package OrthogonalPolynomials [1] is applied. Also, a new extension of k-
gamma and k-beta functions by using two parameter k-Mittag-Leffler function is presented. Many identities 
of these extensions like symmetric relation, functional relation, generating relations, summation formulas, 
derivative formulas, integral representations, Mellin transform and generalizing these identities which 
satisfied by the k-gamma function and k-beta function are studied. 

Keywords: k-gamma function, k-beta function, modified moments, Gaussian quadrature rule, orthogonal 
polynomial, Mellin transform 
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On A Fractional Generalization of a Nonlinear 
Model in Plasma Physics and Its Numerical 
Resolution via a Multi-Conservative and Efficient 
Scheme 

Jorge Eduardo Macias-Diaz 

Autonomous University of Aguascalientes, Mexico 

Abstract 

In this talk, we extend the Zakharov-Rubenchik system to fractional case by using Riesz operators of 
fractional order in space. We prove that the system is capable of preserving extensions of the mass, energy, 
momentum and two linear functionals. In a second stage, we propose a discretization to approximate the 
solutions of our model. In the way, we propose discrete forms of the conserved functionals, and we prove 
that they are also conserved in the discrete domain. We prove that the numerical scheme has second-order 
accuracy in both space and time. Moreover, we establish theoretically the properties of conditional stability 
and second-order convergence of the scheme. The numerical model was implemented computationally, and 
some simulations are provided in order to illustrate that the method is capable of conserving the discrete 
functionals and its rate of convergence. This is the first report in the literature in which a multi-conservative 
fractional extension of this system is proposed, and a numerical scheme to approximate its solutions is 
designed and fully analyzed for conservative and numerical properties. Even in the integer-order case, this 
is the first work which proves the approximate conservation of the momentum, and which rigorously proves 
the stability and the convergence of a scheme for the Zakharov-Rubenchik system. 

Keywords: Zakharov-Rubenchik system, Riesz operators, multi-conservative fractional extension 
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SPECIAL SESSIONS 

1- Computational Mathematics 
Prof. Dr. Mehmet Yavuz - Necmettin Erbakan University, Türkiye 
Prof. Dr. Ercan Çelik - Kyrgyz-Turkish Manas University, Kyrgyzstan 
Prof. Dr. Fırat Evirgen- Balikesir University, Türkiye 
 
Theme 
Computational Mathematics is a field that focuses on solving mathematical problems using 
computational techniques and algorithms. It bridges the gap between mathematics, computer 
science, and applied sciences, emphasizing the development and implementation of numerical 
methods to analyze and solve complex mathematical problems. 
 
Topics 
Numerical analysis (finite element methods, Monte Carlo simulations) 
High-performance computing (parallel algorithms, GPU computing) 
Scientific computing (PDE solvers, computational fluid dynamics) 
Differential Equations    Error and Stability Analysis 
Monte Carlo and Stochastic Methods 

2- Control Theory & Applications 
Prof. Dr. Necati Özdemir, Balıkesir University, Türkiye 
Assoc. Prof. Dr. Markus Mueller, University of Exeter 
Assoc. Prof. Dr. Amin Jajarmi, University of Bojnord, Iran 
 
Theme 
This session aims to discuss a broad range of topics including current trends of linear, 
nonlinear, discrete and fractional control systems as well as new developments in robotics and 
mechatronics, unmanned systems, energy systems with the goal of strengthening cooperation 
of control and automation scientists with industry. 
 
Topics 
Adaptive control     Linear and nonlinear control systems 
Optimal control      Discrete time control systems 
Fractional order systems and control   Robust control 
Chaotic systems and control     Robotic control 
Evolutionary and heuristic control    Energy management and control 
Control of unmanned air and undersea vehicles 

3- Mathematical Biology & Ecology 
Prof. Dr. Stuart Townley, University of Exeter, United Kingdom 
Prof. Dr. Carla M.A. Pinto, Instituto Superior de Engenharia do Porto, Portugal 
Prof. Dr. Md. Haider Ali Biswas, Khulna University, Bangladesh 
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Theme 
Mathematical Biology and Ecology is an interdisciplinary field that uses mathematical models 
and computational techniques to understand biological and ecological systems. It integrates 
mathematical theories with biological processes to analyze complex phenomena and predict 
outcomes. 
 
Topics 
Population Dynamics and Models   Epidemiology and Disease Modeling 
Evolutionary Models     Physiological and Biochemical Modeling 
Ecosystem and Community Models   Mathematical Ecology Techniques 
Spatial and Spatiotemporal Models   Pattern Formation and Morphogenesis 
Conservation and Resource Management Models  Genomics and Systems Biology  

4- Fractional Calculus with Applications 
Prof. Dr. Dumitru Baleanu, Lebanese American University, Lebanon 
Prof. Dr. Thabet Abdeljawad, Prince Sultan University, Saudi Arabia 
Prof. Dr. Jordan Hristov, University of Chemical Technology and Metallurgy, Bulgaria 
 
Theme 
In the past few decades, fractional differential equations have played a very important role in 
various fields. Based on the wide applications in engineering and sciences such as physics, 
mechanics, chemistry, and biology, research on fractional ordinary or partial differential 
equations and other relative topics is active and extensive around the world. In the past few 
years, hundreds of research papers, monographs, and international conferences have 
witnessed an increase in the number of this subject. The objective of this special session is to 
highlight the importance of theoretical aspects and numerical methods in fractional calculus 
and their applications and let the readers of this journal know about the possibilities of this 
new tool. 
 
Topics 
New methods for solving fractional differential equations 
Controllability of fractional order systems 
Iteration methods for solving partial and ordinary fractional equations 
Numerical methods for solving fractional integro-differential equations 
Local and nonlocal boundary value problems for fractional partial differential equations 
Stochastic partial fractional differential equations and applications 
Computational methods in fractional partial differential equations 
Numerical methods for solving variable order differential equations 
Perturbation methods for fractional differential equations 

5- Mathematical Finance & Risk Analysis 
Prof. Dr. Ralf Korn, University of Kaiserslautern-Landau, Germany 
Assoc. Prof. Dr. Sascha Desmettre, Johannes Kepler University Linz, Austria 
Assoc. Prof. Dr. Bilgi Yılmaz, Kahramanmaraş Sütçü İmam Üniversitesi, Türkiye 
Dr. Christian Laudagé, University of Kaiserslautern-Landau, Germany 
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Dr. Laurena Ramadani, University of Kaiserslautern-Landau, Germany 
Theme 
Mathematical Finance is a field that applies advanced mathematical models and techniques to 
analyze financial markets, assess risks, and optimize investment strategies. It focuses on 
understanding and managing financial risk, valuing assets, and making informed decisions in 
financial markets. It bridges the gap between mathematics, economics, and finance, 
emphasizing the use of probability theory, stochastic processes, and numerical methods to 
model asset prices, evaluate derivatives, and manage financial risk. 
 
Topics 
Financial Economics 
Green and Sustainable Finance (Electricity, Energy,…) 
Insurance (Climate Risk, Cyber Risk, …) 
Statistics for Financial Markets and Large Language Models 
Mean Field Games and Stochastic Control 
New Technologies in Finance and Insurance (Computational Methods and Machine Learning, 
Cryptocurrencies, Limit Order Book and High Frequency Trading, Algorithmic Trading) 
Optimal Transport (Robust Finance) 
Portfolio Optimisation 
Risk Management (Risk Allocation, Risk Aggregation, Credit Risk and Systemic Risk) 
Rough Analysis in Finance and Insurance (Rough and Stochastic Volatility) 
Stochastic Optimal Control 
Derivative and Option Pricing &Hedging 

6- Computational and Mathematical Neuroscience & Medicine 
Prof. Dr. Yeliz Karaca, University of Massachusetts (UMass) Chan Medical School, USA 
Prof. Dr. Dumitru Baleanu, Lebanese American University, Lebanon 
Prof. Dr. Yu-Dong Zhang, University of Leicester, United Kingdom 
 
Theme 
The junction of computational and mathematical neuroscience as well as medicine reflects and 
demonstrates a transformative dimension for the understanding and treating of various 
disorders among which neurological ones pose a global burden. It has become possible, via 
application of advanced mathematical models and computational techniques, to simulate 
neural activities while exploring the complexities of brain structure and function to unearth 
the underlying mechanisms across medicinal, clinical and neurological conditions which may 
also be affected by external factors. Furthermore, the interplay of neuroscience and Artificial 
Intelligence (AI) can provide us with innovative models benefiting from the computational 
power of AI to yield more accurate solutions through advanced technologies that reveal 
complex neural mechanisms to enhance understanding. Consequently, the aim of our special 
session is to work toward enabling the development of mathematical and predictive models 
by attempting to bridge the gap between theoretical neuroscience and clinical practices, where 
computational and mathematical neuroscience hold the potential to transform the way of 
diagnosis, management as well as curing diseases, paving the way for more accurate results 
and improved patient outcomes. 
Topics 
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Computational neuroscience and models   Mathematical modeling 
Disease dynamics and complex attributes    Computational biology 
Fractional calculus in medicine/biology/neurology   Mathematical bioengineering 
Biotechnology and / or bioengineering practices   Signal / image processing 
Artificial Intelligence (AI) in neuroimaging    Advanced neurological data 
analysis 
Complex networks and pattern recognition    Personalized medicine 
applications 
Fractal applications in medicine/biology/neurology 
Deep learning and neural networks for brain disorder diagnosis, prognosis and prediction 
Artificial Intelligence (AI) applications in medicine, neuroscience, biology and clinical settings 

7- Optimization & Operations Research 
Prof. Dr. Gerhard-Wilhelm Weber, Poznan University of Technology, Poland 
Prof. Dr. Ibrahim Kucukkoc, Balikesir University, Türkiye 
Prof. Dr. Osman Taylan, King Abdulaziz University, Saudi Arabia 
 
Theme 
The goal of this session is to discuss recent developments in applications of optimization 
methods by bringing together researchers and practitioners working in the field of 
optimization theory, methods, software and related areas. 
 
Topics 
Mathematical programming     Global optimization 
Nondifferential optimization     Continuous optimization 
Combinatorial optimization     Multicriteria optimization 
Equilibrium programming     Game theory 
Applications of optimization in engineering   Population based algorithms 
Applications of optimization in natural sciences  Data mining  

8- Nonlinear Dynamical Systems & Chaos Theory 
Prof. Dr. Hüseyin Merdan, TOBB Economy and Technology University, Türkiye 
Prof. Dr. Parvaiz Ahmad Naik, Youjiang Medical University for Nationalities, China 
Prof. Dr. Akif Akgül, Hitit University, Türkiye 
 
Theme 
Nonlinear Dynamical Systems and Chaos Theory is a branch of mathematics and physics that 
studies systems governed by nonlinear equations, where small changes in initial conditions 
can lead to vastly different outcomes. It focuses on understanding complex and chaotic 
behaviors in deterministic systems. 
 
Topics 
Nonlinear dynamics & bifurcation theory   Feedback systems 
Chaos and fractals in real-world applications  Quantifying chaos 
Hamiltonian and conservative systems    Fractals and strange attractors 
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Coupled and synchronizing systems 

9- Analysis, Algebra, Geometry & Topology 
Prof. Dr. Bünyamin Aydın, Necmettin Erbakan University, Türkiye 
Prof. Dr. Nihat Akgüneş, Necmettin Erbakan University, Türkiye 
Assoc. Prof. Dr. Ahmet Sınak, Akdeniz University, Türkiye 
Prof. Dr. Nesip Aktan, Necmettin Erbakan University, Türkiye 
Prof. Dr. Sedat Pak, Karamanoğlu Mehmetbey University, Türkiye 
 
Theme 
Structures, Symmetries, and Abstractions: Contemporary Explorations in Pure Mathematics. 
This session highlights current research and theoretical developments in Pure Mathematics. It 
welcomes contributions from all areas that emphasize deep structural understanding, 
abstraction, and rigorous proof. The goal is to showcase the elegance, interconnectedness, and 
foundational power of mathematics in its purest form—spanning both classical theory and 
modern innovation. 
 
Topics 
Analysis 
Real and complex analysis, including function theory Measure theory and integration 
Functional analysis      Banach space theory  
Harmonic analysis      Fourier theory 
 
Algebra and Number Theory 
Group theory, ring theory, and field extensions 
Algebraic number theory and Diophantine equations 
Modular forms, elliptic curves, and Galois representations 
Commutative algebra and ideal theory 
Symbolic computation & computer algebra systems 
Parallel & distributed computing 
Coding theory & cryptography 
 
Geometry and Topology 
Differential geometry and Riemannian manifolds 
Algebraic geometry and schemes 
Low-dimensional topology and knot theory 
Homotopy theory and higher category theory 

10- Computational Statistics and Probability 
Prof. Dr. Neslihan İyit, Selçuk University, Türkiye 
Assoc. Prof. Dr. Ahmet Pekgör, Necmettin Erbakan University, Türkiye 
Dr. Ozan Evkaya, The University of Edinburgh, Scotland, United Kingdom 
Assoc. Prof. Dr. Mustafa Çavuş, Eskisehir Technical University, Türkiye 
 
Theme 

https://icmads.org/


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   27 

The objective of this session is to apply numerical methods to statistical problems and 
probabilistic models. Harnessing advanced statistical methods and probabilistic models to 
tackle data-driven challenges in science and technology. 
Topics 
Core statistical computing for data science   Scalable algorithms for massive 
data 
Data science applications with statistical rigor   Probability in machine learning & 
AI 
Probabilistic programming (Stan, PyMC, Turing.jl): making advanced models accessible to 
data scientists 
R/Python for scalable statistical computing: efficient libraries and workflows (e.g., NumPyro, 
TensorFlow Probability) 

11- AI & Machine Learning Applications 
Prof. Dr. Şeref Sağıroğlu, Gazi University, Computer Engineering Department; IEEE 
Blockchain, Türkiye 
Prof. Dr. Ali Turab, School of Software, Northwestern Polytechnical University, China 
Dr. Seda Karateke, Atlas University, Türkiye 
 
Theme 
This session delves into the scientific and mathematical foundations and applications of 
Artificial Intelligence and Machine Learning. It invites contributions that highlight theoretical 
advances, mathematical modeling, algorithmic innovation, and the application of AI/ML 
methods to solve complex scientific problems. Emphasis is placed on rigorous approaches, 
interdisciplinary integration, and real-world scientific discovery powered by intelligent 
systems. 
 
Topics 
Mathematical foundations of machine learning AI in scientific computing 
Geometric and topological methods in AI   ML for data-driven scientific discovery 
Integration of symbolic mathematics with machine learning 
Control theory, signal processing, and inverse problems solved with ML 
ML applications in educational data science 

12- Mathematical Techniques in Data Science 
Dr. Abdallah Alsammani, Jacksonville University, Florida, USA 
Dr. Eray Çakıcı, Applied Materials, Frankfurt, Germany 
Dr. Osman Yardimci, Tuskegee University, Tuskegee, AL 36088, USA 
Dr. Tahir Issa, Data Science, Machine Learning, Deep Learning, Statistics, San José State 
University, USA 
 
Theme 
The objective of this session is to explore recent advancements in different areas of Data 
Science. This session also explores the mathematical foundations and methodologies that drive 
innovations in Data Science. It aims to bring together researchers working on the interface of 
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mathematics and data-intensive applications across various domains. The session welcomes 
contributions emphasizing rigorous mathematical modeling, algorithmic development, and 
analytical techniques to uncover insights from complex data. Special attention will be given to 
interdisciplinary approaches, theoretical advancements, and real-world problem solving 
through mathematical data science. 
 
Topics 
Emerging Trends in Mathematics and Data Science 
Data Science in Healthcare and Medicine 
Emerging Trends in Mathematics and Data Science 
Mathematical Models in Healthcare and Biomedical Data Science 
Financial and Marketing Analytics 
Mathematical Approaches to Energy Data and Management 
Modeling and Analytics for Climate Change 
Applications for Data Science in Education and Natural Sciences 
Big Data Analytics and Mathematical Visualization Techniques 
Econometric Models and Statistical Learning 
Optimization, Inference, and Data-Driven Decision Making 
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Milne-Type Inequalities via Functions with Bounded Second 
Derivatives 
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Abstract 

In this paper, we investigate Milne-type inequalities by employing a novel approach that does not rely 
on the classical convexity or its generalizations, which are commonly used in the literature. Instead, we 
consider functions whose second derivatives are bounded and derive new upper and lower bounds for 
fractional Milne-type inequalities. This approach leads to significant improvements and refinements of 
the classical Milne rule. Additionally, we provide new inequalities for Riemann integrals as particular 
cases of our main results. 
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Abstract 

Euler-Maclaurin-type inequalities connect discrete and continuous analysis by enabling precise sum 
approximations through integrals. In recent years, the generalization of these types of inequalities to the 
setting of fractional calculus, particularly through the use of Riemann-Liouville fractional integrals, has 
attracted significant attention. When combined with the concept of convexity, which is a significant 
generalization of classical convexity, these inequalities provide a deeper insight into the behavior of 
differentiable functions under fractional integration. Such extensions not only enrich the theory of 
inequalities but also have important applications in fields like numerical analysis, fractional differential 
equations, and mathematical physics. Therefore, investigating Euler-Maclaurin-type inequalities for 
differentiable convex functions using Riemann-Liouville fractional integrals contributes meaningfully 
to the advancement of both fractional calculus and convex analysis. For further information about these 
type inequalities, one can refer to [1, 2] and the references therein. In the present study, we construct an 
integral identity associated with Riemann-Liouville fractional operators in paper [3]. Firstly, some 
Euler-Maclaurin-type inequalities are established for the case of differentiable s-convex functions by 
using Riemann-Liouville fractional integrals. Moreover, several fractional Euler-Maclaurin-type 
inequalities are proved for the case of differentiable s-convex functions by using Hölder inequality. In 
addition to this, certain fractional Euler-Maclaurin-type inequalities are presented for the case of 
differentiable s-convex functions by using power-mean inequality. Furthermore, some results are 
presented by using special choices of obtained inequalities. Our findings on fractional Euler-Maclaurin-
type inequalities may open new avenues for future research in this field. These results can be further 
developed or extended by employing different fractional integral operators or various classes of convex 
functions.  
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Abstract 

Unemployment remains a critical and persistent issue in both economic and social domains, which is 
typically explored through demographic segmentation or static equilibrium models. However, these 
conventional methods often overlook the temporal evolution and interactive behavior of agents within 
the labor market. Our study presents an adaptation of the SIR (Susceptible-Infected-Recovered) model 
which was originally developed for modeling the spread of infectious diseases (Kermack & 
McKendrick, 1927) to the dynamics of unemployment to address this gap. This new approach, referred 
to as the UEG model, categorizes the working-age population (ages 18–65) into three dynamic sets: 
Unemployed individuals who are actively seeking jobs (U), employed individuals (E) and individuals 
who are not participating in the labor force (G). We define four key transition parameters: α (rate of 
gaining employment), β (rate of job loss), γ (rate of withdrawal from job search), and δ (rate of re-entry 
into the labor force). These parameters govern a system of linear differential equations that model the 
transitions between the U, E, and G states over time. The system is solved numerically using MATLAB 
to generate time-series graphs representing changes in labor force composition. The results indicate that 
the model can produce accurate short-term predictions (within a 0–5 year window), but the system tends 
to stabilize over longer periods (5–15 years), indicating structural inertia in Türkiye’s labor market 
(TÜİK, 2023). This equilibrium behavior suggests limited volatility in labor force transitions under 
current socio-economic conditions. Ultimately, the UEG model offers a new quantitative lens for 
analyzing workforce dynamics and provides a useful mathematical tool to support labor market policy 
decisions. 

Keywords: Differential equations, labor market dynamics, mathematical modeling 
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Abstract 

In this work, we establish weighted corrected Euler-Maclaurin-type inequalities for various classes of 
functions by employing Riemann-Liouville fractional integrals. The approach begins with deriving a 
key integral identity that involves a positive weighted function, which serves as the basis for our main 
results. Utilizing this identity alongside Riemann-Liouville fractional integrals, we establish some 
inequalities applicable to bounded functions, Lipschitzian functions, and functions of bounded variation. 
These results not only extend previously known findings but also offer a broader framework for studying 
such inequalities. 

Keywords: Corrected Euler-Maclaurin-type inequalities, Riemann-Liouville fractional integrals, 
bounded functions, Lipschitzian functions, functions of bounded variation 
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Abstract 

This study introduces a class of weighted corrected Euler-Maclaurin-type inequalities using Riemann-
Liouville fractional integrals and convexity principles. The methodology is based on a novel integral 
identity derived from a positive weighted function. This identity, together with the structure of convex 
functions and classical inequalities such as Hölder and the power mean inequality, leads to generalized 
forms of corrected Euler-Maclaurin-type inequalities. Our results significantly broaden and strengthen 
existing inequalities within the scope of fractional calculus. 

Keywords: Corrected Euler-Maclaurin-type inequalities, Riemann-Liouville fractional integrals, 
convex functions 

References 

[1] Dragomir, S.S., Agarwal, R.P., & Cerone, P. (2000). On Simpson's inequality and applications. 
Journal of Inequalities and Applications, 5, 533-579. 

[2] Dragomir, S.S. (1999). On Simpson's quadrature formula for mappings of bounded variation and 
applications. Tamkang Journal of Mathematics, 30, 53-58. 

[3] Sarıkaya, M.Z., Set, E., & Özdemir, M.E. (2013). On new inequalities of Simpson's type for 
functions whose second derivatives absolute values are convex, Journal of Applied Mathematics 
Statistics and Informatics, 9, 37-45. 

[4] Meftah, B., Boulares, H., Shafqat, R., Ben Makhlouf, A., & Benaicha, R. (2023). Some new 
fractional weighted Simpson type inequalities for functions whose first derivatives are convex, 
Mathematical Problems in Engineering, 2023, 9945588.  

[5] Hezenci, F., Budak, H., & Kara, H. (2021). New version of fractional Simpson type inequalities 
for twice differentiable functions, Advances in Difference Equations, 2021, 1-10. 

[6] Park, J. (2013). On Simpson-like type integral inequalities for differentiable preinvex functions, 
Applied Mathematical Sciences, 7(121), 6009-6021.  

[7] Gao, S., & Shi, W. (2012). On new inequalities of Newton’s type for functions whose second 
derivatives absolute values are convex, International Journal of Pure and Applied Mathematics, 
74(1), 33-41. 

[8] Almoneef, A.A., Hyder, A.A., & Budak, H. (2024). Deriving weighted Newton-type inequalities 
for diverse function classes through Riemann-Liouville fractional integrals, Chaos Solitons and 
Fractals, 186, 115205. 

[9] Butt, S.I., Javed, I., Agarwal, P., & Nieto, J.J. (2023). Newton-Simpson-type inequalities via 
majorization, Journal of Inequalities and Applications, 2023(16).  

[10] Hezenci, F., Budak, H., & Kösem, P. (2021). A new version of Newton's inequalities for 
Riemann-Liouville fractional integrals, Rocky Mountain Journal of Mathematics, 2021(460), 10 
pages. 

[11] Nasri, N., Meftah, B., Moumen, A., & Saber, H. (2024). Fractional 3/8-Simpson type inequalities 
for differentiable convex functions, AIMS Mathematics, 9(3), 5349-5375. 

 Corresponding Author Email: esra200770@ogr.duzce.edu.tr 

https://icmads.org/
mailto:esra200770@ogr.duzce.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   46 

A Structure-Preserving Framework for Image Processing via 
Riemannian Tension Fields 

Seyed Mehdi Kazemi Torbaghan1, Mehmet Yavuz2,3, Amin Jajarmi4  

1 Department of Mathematics, University of Bojnord, Bojnord, Iran 
2 Department of Mathematics and Computer Sciences, Faculty of Science, Necmettin Erbakan University, Konya, Türkiye 
3 Department of Applied Mathematics and Informatics, Kyrgyz-Turkish Manas University, Bishkek 720038, Kyrgyzstan 
4 Department of Electrical Engineering, University of Bojnord, Bojnord, Iran 

Abstract 

Image processing is an important aspect of contemporary computational science, with applications in 
medical imaging, remote sensing, surveillance, industrial inspection, and computer vision [1]. This talk 
presents a new geometric formulation of image processing and develops techniques based on energy 
functionals defined globally on mappings between Riemannian manifolds, utilizing the fundamental 
concepts of differential geometry and harmonic map theory. Viewing image processing as an energy 
minimization applicable to any bounded domain allows us to uniquely establish nonlinear partial 
differential equations through the Euler-Lagrange equations, which leads to the formation of geometric 
tension fields. A geometric tension field is an image processing operator that is structure-preserving and 
allows the image data to evolve according to its internal dynamics [2]. The geometric tension fields can 
be computed numerically using finite difference methods and offer a form of adaptive, feature-sensitive 
diffusion, which enhances or suppresses local image content while preserving vital structural elements 
of the image data such as edges, corners, and textures. The proposed methodology yields a 
mathematically founded, computationally efficient approach to image restoration and enhancement in 
comparison to the standard variational methods or classic linear filters. The methodology has a series of 
important properties that support a way to maintain the intrinsic geometry of the structures in the image 
data. This is important because it will allow greater dependability of the results in the critical aspect of 
improving performance in noise reduction processes while maintaining critical features. The proposed 
methodology is not limited to just denoising; we have developed an overarching pipeline for 
accomplishing a number of tasks using one consistent framework, namely methodical image processing 
algorithms using a geometrical representation. 
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Abstract 

Road safety, fleet performance, and data-driven policy decisions depend on driver behavior optimization 
in the age of smart mobility and connected transportation systems. This talk discusses a scalable, 
objective, and cost-effective analytical framework that optimizes a method to analyze driving behavior 
using real-world sensor data. Self-reported questionnaires are used to analyze driving behavior [1], but 
they have recall bias, subjective perception errors, and limited ecological validity. These issues can mask 
unsafe driving dynamics and reduce intervention and predictive model efficacy. This study addresses 
these issues using smartphone accelerometer and GPS data. These discreet sensors provide rich, real-
time, high-frequency data on natural driving habits. Sensor-derived metrics and advanced statistical 
methods like structural equation modeling (SEM) are used to understand how driving behavior mediates 
the relationship between drivers' personality traits and traffic-related outcomes like accident risk and 
rule violations. An empirical comparison between sensor-based data and direct behavioral observation 
and self-report instruments reveals that objective measurement enhances prediction validity and model 
fit. This method expands practical implementation across domains. Transportation regulators can use it 
for continuous behavioral monitoring and evidence-based risk assessment. It helps commercial fleets 
assess driver performance and customize training. It enhances usage-based insurance models with 
actuarially sound data beyond demographics. The method preserves natural driving behavior for 
research and application by reducing lab-based or simulator behavioral alteration artifacts. 
Consequently, this research proposes a robust, scalable behavior assessment alternative using real-world 
data and proven modeling. The framework uses sensor technology, behavioral science, and data 
analytics to improve driver safety optimization and smart mobility systems. 
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Abstract 

In this paper, we are interested in dynamical behaviour of conformable fractional-order Richards’s 
growth model after applying a discretization process to it. Local stability of the equilibrium points of 
the discretized system is studied. The existence of the Neimark-Sacker bifurcation and the direction of 
this bifurcation are analysed mathematically, and the results are shown in the phase diagram and 
bifurcation diagrams. Additionally, the existence of chaos is revealed by calculating Lyapunov 
exponents in the discrete dynamical system with local fractional order parameter. We also study the 
discrete-time dynamical model on complex networks to reveal the effect of the coupling strength 
parameter on the dynamic structure of the system. All mathematical results obtained theoretically are 
verified by numerical simulations and these results are discussed biologically. 
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Abstract 

Nowadays, most data are stored in distributed storage centres and there may be some losses in this data. 
Recovering the lost data is very crucial problem to increase the reliability of the data. Gopalan et. al. 
introduced the concept of locality in [1]. A code such that every code symbol can be recovered by 
accessing a small number r of the other code symbols is called a locally recoverable code. Here, the 
parameter r is termed as locality of the code. The smaller locality of a code, the more efficient code is. 
Therefore, finding a locally recoverable code with good parameters especially small locality is an 
important problem in coding theory. These codes are used in the distributed storage systems to reduce 
the repair cost. Quasi-cyclic codes are a generalization of cyclic codes, and they have been studied by 
many researchers thanks to their efficient encoding and decoding procedures. Quasi-cyclic locally 
recoverable codes are obtained in [2,3]. In this study, we have firstly obtained the conditions to get 
cyclotomic cosets whose elements are relatively prime. Then we have determined the minimal 
polynomials corresponding to these cyclotomic cosets. By taking these minimal polynomials as the 
components of generator or parity-check polynomials, we have determined the parity-check polynomial 
of a quasi-cyclic code, and then we have given parameterization of 1-generator quasi-cyclic locally 
recoverable codes by virtue of their parity-check polynomials which are the least common multiple of 
the minimal polynomials that we found. We have examined the cases with respect to the number of 
elements in the cyclotomic cosets whose elements are relatively prime. 
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Abstract 

Dynamic Mode Decomposition (DMD) is a decomposition technique that analyzes system behaviors 
varying over time, in the form of a time series, in a data-driven manner. It can be difficult to directly 
model complex and generally nonlinear systems mathematically. At this point, DMD performs system 
estimation only with the system's historical data, without the need for any modeling and simulation [1]. 
(DMDc), on the other hand, performs its analyses by taking into account the effects of externally applied 
coercive forces on the system nature and the control data on the system [1]. In data-based methods, the 
success of the method depends on the type and suitability of the data used. While missing, incorrect, 
noisy, inconsistent, or outlier data negatively affect the accuracy of the model, it can cause the method 
to be biased and the predictions to fail to provide a graphical fitting. In this study, five different 
algorithms that introduce innovation to the DMDc method have been developed. These algorithms have 
been applied to three different datasets, and the error metrics and graphical fitting of the models have 
been compared. These algorithms are, State Hankel Dynamic Mode Decomposition with Control 
(DMDc-sH), State and Control Hankel Dynamic Mode Decomposition with Control (DMDc-scH), 
Forward-Backward Dynamic Mode Decomposition with Control (fbDMDc), Forward-Backward State 
Hankel Dynamic Mode Decomposition with Control (fbDMDc-sH), Forward-Backward State and 
Control Hankel Dynamic Mode Decomposition with Control (fbDMDc-scH). The main theme of these 
algorithms is the combination of Hankel matrix data expansion and forward-backward evolutions. 

Keywords: Dynamic mode decomposition, control, machine learning, Hankel matrix, forward-
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Abstract 

In this paper, we first derive a series of refined Hermite–Hadamard-type inequalities tailored for interval-
valued LR-convex functions. These functions, unlike their real-valued counterparts, map each point in 
their domain to a closed interval rather than a single real number. This structure allows for a more 
flexible modeling of uncertainty and variability in mathematical analysis. In general, for standard 
interval-valued convex functions, the function defined at the left boundary of the interval behaves in a 
convex manner, while the function at the right boundary behaves concavely. This inherent asymmetry 
limits the sharpness of the resulting inequalities. However, the class of interval-valued LR-convex (left–
right convex) functions eliminates this asymmetry by imposing convexity on both boundary functions. 
That is, both the left and the right boundary functions exhibit convex behavior, leading to stronger and 
more balanced integral inequalities. In our study, we also extend the analysis to the setting of interval-
valued coordinated LR-convex functions, where convexity is considered for each variable separately 
under coordination. By carefully selecting parameters in the general forms of our derived inequalities, 
we can obtain several special cases, each contributing new bounds and sharper results. Notably, some 
of these special cases generalize well-known Hermite–Hadamard-type inequalities in the existing 
literature, thereby highlighting the broader applicability and theoretical advancement of the present 
results.  
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Abstract 

Fractional calculus has intrigued control theorists for decades, offering richer modelling of history 
dependent dynamics than classical approaches [1]. In this study, we embed Caputo fractional 
differentiation into both the proportional and integral branches of a PID controller, thereafter, mapping 
the entire loop into the z domain via a discrete Laplace transform [2]. Treating error signals as design 
handles unlocks a useful degree of freedom in synthesis. We detail our unified framework and apply it 
to two representative testbeds: motor speed regulation under variable loading and precise two link 
robotic arm positioning. Remarkably, the fractional PID design achieves up to 35% faster settling and a 
roughly 25% reduction in overshoot compared to its integer order counterpart, all under identical tuning 
constraints [3]. A comparison of Grunwald Letnikov and Tustin inspired discretization schemes 
highlights trade-offs between computational load and approximation fidelity on typical 
microcontrollers. Experimental findings largely align with theoretical predictions, demonstrating that 
fractional operators remain practical within resource limited embedded systems. Of particular note is 
our sensitivity analysis; slight shifts in the fractional exponent can substantially bolster disturbance 
rejection, which one might argue is critical in noisy or safety focused environments. In effect, one can 
traverse a spectrum from sluggish, overdamped responses to aggressive, underdamped behavior by 
tuning a single exponent. Finally, we distill pragmatic guidelines for selecting sampling intervals, filter 
orders and fractional exponents aimed squarely at researchers and practitioners seeking a balance 
between performance and implementation cost. Overall, this work bridges fractional calculus with 
Laplace domain control design and offers actionable insights for robotics, energy management and 
biomedical devices. 
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Abstract 

Decarbonizing the electricity sector is critical for addressing climate change and ensuring long-term 
sustainability. Non-dispatchable renewable sources such as solar PV and wind power have grown 
rapidly in recent years, accounting for most of the new renewable capacity. However, their inherent 
intermittency and reliance on stochastic meteorological variables, particularly solar irradiation and wind 
speed, pose significant challenges for power grid operation and forecasting. While ultra-short-term 
forecasts are common, grid operators often require reliable day-ahead forecasts for effective planning. 
This study explores the use of stacked Long Short-Term Memory (LSTM) for day-ahead forecasting of 
solar irradiation and wind speed, using data from Adrar’s solar PV station measured at 15-minute 
intervals throughout January 2020. The data was split into training, validation, and testing sets. Three 
modeling strategies were investigated: (1) using only lagged values of the target variable, (2) 
incorporating exogenous meteorological features, seasonal Fourier components, and dimensionality 
reduction via random forest, and (3) applying a median filter to the target variable to prioritize trend 
over volatility. Model performance was evaluated both in-sample (on the test set) and out-of-sample 
(February 1st), using R² and other metrics. Solar irradiation forecasting yielded strong results, with test 
R² values of 93.47%, 96.43%, and 96.36% for Models 1 to 3 respectively. Out-of-sample R² reached up 
to 99.3% with Model 2. Wind speed prediction proved more difficult, with test R² increasing from 
70.46% for Model 1 to 80.41% for Model 3, and significantly lower out-of-sample performance. A 
hybrid approach, improved wind forecast accuracy up to 69% with Model 3. These findings demonstrate 
the effectiveness of LSTM models for solar forecasting and underscore the challenges of wind prediction 
with limited data, suggesting the need for further research using extended datasets. 

Keywords: Non-dispatchable renewable sources, stacked LSTM, time series forecasting 
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Abstract 

Traditional linear inverse models (LIMs), such as White-LIM and Colored-LIM, are empirical 
approaches that describe the evolution of observations using linear stochastic differential equations 
driven by either memoryless white noise or persistent colored noise [1, 2]. While widely applied in 
geophysical sciences, they fall short in representing the nonlinear or non-Gaussian behaviors commonly 
observed in real-world systems. This study extends the LIM framework to a nonlinear setting by 
incorporating quadratic nonlinear dynamics, leading to two new models: White-nLIM and Colored-
nLIM. More precisely, these models are formulated to capture the key dynamical and stochastic 
properties via the local behavior of higher-order correlation functions evaluated at the origin. To address 
the potential blow-up in a finite time, which frequently arises in nonlinear modeling, a systematic 
boundary treatment is introduced to ensure well-posedness while maintaining theoretical consistency. 
Moreover, unlike most regression methods, the proposed models respect the observed moments, avoid 
ad hoc treatments for dynamical instability, and enable robust parameter estimation even in regimes of 
strong nonlinearity and noise persistence [3]. To evaluate the effectiveness, White-nLIM and Colored-
nLIM are applied to study the El Niño-Southern Oscillation, a dominant mode of interannual climate 
variability characterized by asymmetric warming (El Niño) and cooling (La Niña) events in the 
equatorial Pacific. They are shown to effectively capture the non-Gaussian features of the climate data, 
such as skewness, and extend the effective forecast window, yielding performance on par with that of 
recent nonlinear inverse techniques [4]. 
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Abstract 

The job shop scheduling problem (JSSP) is a fundamental combinatorial optimization challenge 
extensively studied in operations research, aiming to maximize the efficient utilization of limited 
resources. It is classified as an NP-hard problem [1]. In practice, industrial production scheduling is 
heavily affected by unpredictable factors such as the sudden arrival of jobs, unexpected machine 
breakdowns, and variations in processing times [2]. As manufacturing systems evolve to become more 
adaptive and complex, dynamic scheduling strategies—particularly those based on Artificial 
Intelligence (AI)—are increasingly employed to handle such uncertainties. Among these, deep 
reinforcement learning (DRL) has recently emerged as a cutting-edge solution for dynamic JSSP due to 
its rapid decision-making capability and strong generalization performance [3]. To address the 
complexity inherent in dynamic environments, this study proposes a deep reinforcement learning 
framework that integrates the soft actor-critic (SAC) algorithm with a Transformer-based encoder, 
designed to capture complex temporal dependencies in scheduling sequences. In the proposed model, 
actions are selected using a set of dispatching rules—shortest processing time (SPT), weighted shortest 
processing time (WSPT), weighted modified due date (WMDD), apparent tardiness cost (ATC), and 
weighted coefficient of variation in remaining time (WCOVERT)—while the state feature is represented 
by the sequence of operations. The reward function is formulated to minimize total machine idle time 
after each decision step, thereby promoting efficient resource utilization. To evaluate the robustness of 
the proposed framework, comparative analyses are conducted under both static and dynamic scheduling 
environments. The experimental results are expected to demonstrate that the proposed method yields 
more competitive scheduling solutions compared to existing DRL-based techniques and heuristic 
algorithms. 
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Abstract 

In many real-time systems, short and sudden disturbances often happen because of external factors. Even 
though these disturbances last for a very short time compared to the total duration of the system’s 
operation, they can still affect how the system behaves in an important way. These sudden changes are 
usually modeled as impulses-instant events that cause quick jumps in the system. Understanding and 
analyzing these impulses is very important in different fields such as control theory, population 
dynamics and economics. Impulsive differential equations (IDEs) are useful mathematical tools helping 
us study systems affected by such sudden changes [1]. When studying IDEs, stability is one of the most 
important topics. However, classical stability types are sometimes not enough to describe real-life 
systems. In practice, a system may not be perfectly stable in the mathematical sense, but it can still work 
well if it stays close to a desired state. For this reason, the idea of practical stability is important. It 
means that even if the system is not completely stable, it still behaves in a controlled way and remains 
within safe limits [2-5]. In this study, we explore the initial time difference (ITD) stability and ITD 
practical stability of perturbed impulsive differential equations with respect to the unperturbed versions, 
using two measures. Unlike classical stability, that compare solutions to the zero solution, ITD stability 
looks at systems starting at different times and positions. This makes the analysis more complex. To 
handle this, we use Lyapunov functions and develop comparison theorems to study stability. As a 
starting point, we define a scalar impulsive differential equation that highlights the differences between 
the perturbed and unperturbed systems. We aim to show that the stability behavior of the perturbed 
system, relative to its unperturbed one, can be understood through the insights gained from the scalar 
model in terms of two measures. 
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Abstract 

In many real-time systems, short and sudden disruptions often occur due to external factors. Even though 
these disturbances last for a brief period compared to the total operation time of the system, they can 
significantly influence the system’s behavior. These abrupt changes are usually modeled as impulses-
instant events that cause sudden jumps or breaks in the system’s state. Analyzing the effects of such 
impulses is important in many areas, including control theory, pharmacokinetics, economics, population 
dynamics and epidemiology. Impulsive differential equations (IDEs) are useful mathematical tools that 
help us describe and understand systems affected by these sudden changes [1]. In this study, we 
investigate the initial time difference (ITD) boundedness and ITD Lagrange stability of perturbed 
impulsive differential equations with respect to their unperturbed forms in terms of two measures. To 
do so, we apply Lyapunov functions and build several comparison theorems. Lyapunov’s method is a 
common and effective way to examine the qualitative and quantitative behavior of dynamic systems. As 
a first step, we construct a scalar impulsive differential equation that clearly reflects the differences 
between the perturbed and the unperturbed systems. Our aim is to show that the boundedness and 
Lagrange stability results from the simple case can also apply to more general systems in terms of two 
measures. The main challenge is that classical definitions refer to the zero solution, while ITD concepts 
compare perturbed systems to unperturbed ones with different initial times and positions [2-5]. This 
makes the analysis more complex and requires a more detailed mathematical approach. 
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Abstract 

The method of variation of parameters formulae (VPF) has been beneficial techniques in the qualitative 
theory of nonlinear matrix differential equations since it is a practical tool in the investigation of the 
properties of solutions. Recently, the study of nonlinear matrix system of equations and initial value 
problems without an initial time difference (ITD) has been initiated and the corresponding theory of 
differential inequalities have been investigated. Below, we shall derive VPF showing the relationship 
between unperturbed matrix differential systems with different initial conditions and unperturbed and 
perturbed matrix systems with different initial conditions. 
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Abstract 

In this study, we explore the connection between unperturbed matrix differential systems that exhibit 
variations in both their initial conditions and the starting time. Through the application of variation of 
parameters methods, we construct integral representations that reveal this relationship. To formulate 
Lipschitz-type stability criteria under the presence of an initial time shift in nonlinear differential 
systems, it is essential to employ the variational framework derived from the unperturbed matrix model. 

Keywords: Differential equations, initial time difference Lipschitz stability, variation of parameters 
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Abstract 

In this work, we consider the subdiffusion equation with Sturm type boundary conditions  

⎩
⎨

⎧
𝐷𝐷𝑡𝑡𝛼𝛼𝑈𝑈(𝑥𝑥, 𝑡𝑡) − 𝑈𝑈𝑥𝑥𝑥𝑥(𝑥𝑥, 𝑡𝑡) + 𝑐𝑐(𝑥𝑥)𝑈𝑈(𝑥𝑥, 𝑡𝑡) = 𝑓𝑓(𝑥𝑥, 𝑡𝑡),

𝑈𝑈(𝑥𝑥, 0) = 0, 0 ≤ 𝑥𝑥 ≤ 1,
𝑈𝑈𝑥𝑥(0, 𝑡𝑡) − 𝑎𝑎𝑎𝑎(0, 𝑡𝑡) = 0, 0 ≤ 𝑡𝑡 ≤ 𝑇𝑇,
𝑈𝑈𝑥𝑥(1, 𝑡𝑡) + 𝑎𝑎𝑎𝑎(1, 𝑡𝑡) = 0, 0 ≤ 𝑡𝑡 ≤ 𝑇𝑇,

 

where 0 <  𝛼𝛼 <  1  is the order of the fractional Caputo derivative, 𝑎𝑎 > 0. 
We consider the inverse problem of finding a pair of unknown functions [𝑈𝑈 (𝑥𝑥, 𝑡𝑡), 𝑐𝑐(𝑥𝑥)] using the 
additional final overdetermination condition 

𝑈𝑈 (𝑥𝑥,𝑇𝑇 )  =  𝜑𝜑(𝑥𝑥),   0 ≤  𝑥𝑥 ≤  1, 
where 𝜑𝜑(𝑥𝑥) is a known function. To solve this problem, we adapt the iterative method [1,2]. It was 
proposed for solving the inverse problem of lowest-order coefficient identification for a classical 
parabolic equation. At each iteration of this method, we need to solve the auxiliary initial boundary 
value problem. To solve it, we apply the finite difference numerical algorithm that was proposed and 
researched in [3]. 
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Abstract 

Absolute value equations (AVE) have been considered by a significant number of researchers in the 
field of optimization and numerical analysis throughout the course of the last several decades. As a result 
of both its theoretical components and its practical applications, the AVE plays an important role. In 
addition to being NP-hard and non-differentiable, it is conceptually equivalent to the linear 
complementarity problems. In this study, the focus is on finding a solution to the system of Non-
Lipschitz Absolute Value Equations (NAVE), which is one of the most recent generations of AVE. At 
the beginning, we propose a new smoothing technique, and with the assistance of the smoothing 
technique, the AVE is turned into a family of parametrized system of smooth equations. In the following 
stage, two-step iterative methods are built by incorporating the suggested smoothing technique to 
address the smoothed form of NAVE. The presentation of two-step iterative methods has shown 
promising results, demonstrating enhanced convergence properties. An examination of the results is then 
performed after the numerical experiments have been carried out on various test problems. Furthermore, 
the examination of outcomes derived from numerical experiments on various test problems underscores 
the efficacy of these methods. The effectiveness of the provided methods is demonstrated by comparing 
them with the other computing algorithms. In conclusion, these developments enhance our 
understanding of NAVE and offer practical tools that can be applied across diverse fields requiring 
precise modelling and analysis. 
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Abstract 

Mathematical modelling of various branches of applied mathematics and various physical, biological 
and chemical phenomena is mainly based on linear or nonlinear partial differential equations and/or 
their systems. Nonlinear Newell-Whitehead-Segel equations, which are one of the models representing 
reaction-diffusion processes in various branches of science such as chemical engineering, mechanical 
engineering, bioengineering, mathematical biology and fluid mechanics, are one of these nonlinear 
models. The aim of this study is to introduce a powerful approach to literature that can be applied directly 
to the target model by eliminating the need for linearization or transformation and can be an alternative 
to existing methods by producing high accuracy results. To achieve this, a high-order compact finite 
difference scheme is used to discretize the spatial derivative term in the Newell-Whitehead-Segel 
equation. Simultaneously, the 11-stage eighth-order Runge-Kutta Cooper-Verner method, a specific 
variant of the Runge-Kutta methods, is used to discretize the temporal derivative term. The proposed 
approach has been tested on several test problems characterized by various initial and boundary 
conditions commonly found in literature. Various error norms have been applied to determine the 
effectiveness of the proposed approach and the precision of its results. The findings obtained from the 
suggested approach are exhibited through a series of tables and figures. The performance of the method 
has been studied in detail by comparing it with the results available in the literature. It has been observed 
that the solutions generated by the proposed technique agree remarkably well with the analytical 
solutions of the test problems considered. Moreover, the results obtained from the proposed approach 
have generally shown higher accuracy than the previously produced results in the literature.  

Keywords: The Newel-Whitehead-Segel equation, compact finite difference scheme, Runge-Kutta 
Cooper-Verner method 
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Abstract 

We investigate the difference equation with max operator: 

xn+1 =
max{xn2 , A}

xnxn−1
,      n = 0,1, …, 

where A > 1 and the initial conditions are  x−1 = Ar−1 and x0 = Ar0, being r−1, r0 positive rational 
numbers. We study periodicity and oscillation of the equation. This paper gives some answers to an 
open problem offered in the literature. 
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Abstract 

In this paper, a robust numerical method is proposed to solve Rosenau-Hyman equation with Caputo 
sense fractional derivative. The accuracy and efficiency of the presented method controlled with L2 and 
L∞ error norms. Obtained results from the solutions are compared with the exact solution and presented 
in tables and graphs. The results show that the method is very efficient and accurate and can be applied 
to various equations. 

Keywords: Time fractional partial differential equation, Caputo fractional derivative, Rosenau Hyman 
equation 
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Abstract 

This study concentrates on Nonlinear Complementarity Problems (NCP), which are significant for 
variational problems, mathematical programming, and fixed-point problems and have extensive real-
world applications. A new method is proposed for the solution of the NCP based on the following three 
main principles: the Fisher-Burmeister function, smoothing techniques, and Newton-type algorithms. 
First, NCP is re-expressed as a nonlinear system of equations by using the Fisher-Burmeister function. 
Since the Fisher-Burmeister function is not continuously differentiable at every point, gradient-based or 
Newton-type methods are unavailable to use in solving the corresponding problem. To eliminate this 
drawback, two smoothing techniques, local and global, have been developed for the Fisher-Burmeister 
function. Then, using smoothing approaches, we restate the NCP system as a smooth system of nonlinear 
equations. Then, new smoothing Newton-type algorithms have been developed to solve the modified 
problem, and the convergences of these algorithms have theoretically been analyzed. The theoretical 
results guarantee the convergence of the algorithms, and they are supported by practical applications. 
For this purpose, implementations of newly generated Newton-type algorithms have been carried out on 
some test problems. The practical applications demonstrate the effectiveness of the proposed algorithms 
in solving complex NCP systems, showcasing their robustness and efficiency in various scenarios. As a 
result, these advancements not only enhance our understanding of the NCP but also provide valuable 
tools for researchers and practitioners in the field. These tools facilitate more efficient problem-solving 
strategies and open up new avenues for exploration in numerical methods. Consequently, the integration 
of these algorithms into existing frameworks can significantly improve outcomes in various 
applications, from optimization to economic modelling. 
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Abstract 

Algiers, Algeria’s largest and most populous city, faces increasing challenges in managing household 
waste due to rapid urban growth. Accurate forecasting of waste generation is critical for efficient 
resource allocation, optimized waste collection, and infrastructure planning, including recycling centers 
and landfills. Moreover, it supports environmental risk assessment and the development of sustainable 
waste management policies. This study evaluates the performance of two forecasting approaches: the 
statistical SARIMA model and the deep learning-based LSTM model. SARIMA is favored for short-
term predictions thanks to its simplicity, interpretability, and minimal data requirements, while LSTM 
excels at capturing complex, nonlinear patterns but demands extensive data and careful tuning. We 
analyzed daily household waste data collected in Algiers from 2022 to 2024. The data exhibited a 
positively skewed distribution, with a mean of 2,112 tons and a standard deviation of 266 tons. Waste 
volumes peaked during Eid al-Adha and dropped consistently on Fridays. Using an 80/20 split for 
training and testing, model performance was assessed using RMSE, MAE, MAPE, and R² metrics. 
Results showed that SARIMA, with a weekly seasonal component, outperformed LSTM in forecasting 
accuracy. Future work should consider hybrid models combining SARIMA’s interpretability with 
LSTM’s pattern recognition to enhance performance. 

Keywords: Household waste generation, short-term forecasting, seasonal ARIMA, deep learning 
models 
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Abstract 

High-dimensional search spaces lead to significant computational costs in global optimization problems. 
To reduce these computational costs, it is common in the literature to reduce multidimensional problems 
to one-dimensional spaces using space-filling curves. Space-filling curves, such as Peano, Hilbert, etc. 
(𝛼𝛼 −dense curves), are continuous and surjective transformations that preserve the topological structure 
of multidimensional space, allowing the problem to be reduced to one-dimensional space without any 
loss of information. In this study, a new one-dimensional filled function has been created for a one-
dimensional problem using a space-filling curve, based on traditional auxiliary function methods, which 
helps to eliminate higher local minimizers than the known local minimum and makes it easier to find 
the global minimum. A theoretical analysis has been made for the newly proposed filled function. The 
filled function method has later hybridized with the DIRECT (DIviding RECTangles) method, which is 
designed to efficiently locate global optima in multi-dimensional spaces. By combining the strengths of 
the filled function approach with the structured sampling of the DIRECT method, this hybrid technique 
enhances the exploration of the search space, leading to improved convergence toward the global 
minimum while reducing the likelihood of getting trapped in a local minimizer. The obtained hybrid 
algorithm is implemented to solve test problems to analyze the practical performance. These test 
problems vary in complexity and dimensionality, allowing for a thorough evaluation of the hybrid 
algorithm's performance. The results demonstrate significant improvements in both convergence speed 
and solution accuracy compared to traditional optimization methods. Finally, the advantages and 
disadvantages of the algorithm are analyzed, and the future research directions are presented. 
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Abstract 

In this presentation, we introduce a new generating function for the probabilistic version of degenerate 
Hermite polynomials associated with a random variable. By making use of this generating function, we 
derive not only new but also interesting formulae including closed-form expressions related to these 
polynomials. Subsequently, we obtain the relations between this polynomial and the probabilistic 
degenerate Stirling numbers, probabilistic Euler polynomials, probabilistic degenerate Bernoulli 
polynomials, and probabilistic degenerate Bernstein polynomials. These connections provide significant 
contributions in terms of exploring the relationships between probabilistic degenerate Hermite 
polynomials and various probability distributions. Accordingly, by choosing suitable distributions of 
random variables such as Poisson, uniform, gamma, geometric, exponential, and normal distributions, 
we establish new results including probabilistic degenerate Bernoulli polynomials of higher order, 
probabilistic degenerate Frobenius-Euler polynomials of higher order, and binary-summation formulae 
involving the special number sequences. 

Keywords: Probabilistic degenerate Hermite polynomials, probabilistic degenerate Stirling numbers of 
the second kind, moment generating function, random variable 
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Abstract 

Generally, time delay effects arise in many applications and practical problems such as physical, 
chemical, biological, thermal and economic phenomena [1,2]. In this work, we deal with the wave 
equation with time delay. Under suitable conditions, we prove the existence, blow-up and decay of 
solutions. 

Keywords: Blow-up, decay, existence, wave equation, time delay 
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Abstract 

Mathematical modeling is the process of representing, analyzing, and solving real-world problems using 
mathematical tools and methods [1,2]. This process not only facilitates the understanding of complex 
phenomena but also supports knowledge production by bridging different disciplines [3]. Mathematical 
modeling involves a dynamic cycle that starts with defining the problem situation, continues with the 
construction and solution of the model, and concludes with the interpretation of the results within the 
context of real life [4]. In this regard, it provides an important methodological framework both in 
scientific research and in the field of education. Therefore, mathematical modeling is a crucial tool in 
developing decision support systems in both theoretical and applied sciences, offering significant 
assistance in predicting the future behavior of systems and in decision-making processes. In this study, 
which aims to examine the research on mathematical modeling in detail and to map the subject in all its 
aspects, the bibliometric analysis method, one of the scientific research methods, was employed. Studies 
indexed with the keywords "mathematical model*" OR "mathematic model*" were included in the scope 
of the analysis. Within the framework of this research, a total of 363,544 studies published over the last 
50 years, between 1975 and 2025, were identified. In this study, a total of 363,544 studies indexed in 
the Web of Science database with the keywords "mathematical model*" OR "mathematic model*" 
between 1975 and 2025, covering the last 50 years, were examined using the bibliometric analysis 
method. The findings indicate a significant increase in publications in the field of mathematical 
modeling in recent years. Interdisciplinary collaborations have grown across many countries, 
particularly in the United States, China, and Germany; studies primarily focus on technical themes such 
as differential equations, optimization, simulation, and machine learning. As a result, the findings 
provide guidance for researchers by identifying trends and gaps in literature and hold potential to direct 
future studies. 
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Abstract 

Energy has been one of the important building blocks of many changes in the world and still 
maintains this feature [1]. This study aims to investigate the sensitivity and performance 
variation of widely used data mining algorithms in regression analysis based on dataset size. 
The study primarily seeks to answer three questions: (i) How sensitive are regression algorithms 
selected to data size from a data mining perspective? (ii) Which algorithm performs better 
depending on the characteristics of the data? (iii) How does Turkey's energy sector compare 
with its BRICS counterparts, and what policy recommendations can be derived for 
stakeholders? To address these questions, the study plans to utilize regression-based machine 
learning models. Recent studies have shown that machine learning models such as XGBoost 
and CatBoost provide high predictive performance in financial applications, especially in non-
linear and high-dimensional settings [2,3]. Additionally, deep learning methods, including 
ANN-based regression, have been increasingly used in financial forecasting due to their 
flexibility and learning capacity [4]. By applying these techniques across varying data scales 
and country contexts, this research contributes to a better understanding of the suitability and 
robustness of regression models in financial decision-making environments. 
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Abstract 

Robotic manipulators, with their multiple degrees of freedom, are widely used in industrial applications 
such as automation, welding, and precision handling due to their versatility and flexibility [1]. However, 
their nonlinear dynamics and sensitivity to model uncertainties and disturbances demand robust control 
strategies for tasks like trajectory tracking. Sliding Mode Control (SMC) is commonly applied for its 
robustness, though the chattering phenomenon in classical SMC may limit its performance in some 
applications [2]. Fractional-order control, by incorporating memory effects, offers enhanced flexibility 
and adaptability. In particular, Fractional Order Sliding Mode Control (FOSMC) provides improved 
smoothness and robustness [3]. The Caputo-Fabrizio derivative, with its nonsingular kernel, further 
improves physical realism and numerical stability. In this study, a FOSMC algorithm based on the 
Caputo-Fabrizio definition is developed and applied to a 2-DOF robotic manipulator. The sliding surface 
is defined using the Caputo-Fabrizio operator, and the control law is designed via Lyapunov-based 
analysis. Simulation results demonstrate improved tracking accuracy and smoother control signals 
compared to classical SMC. 

Keywords: Robot manipulator, sliding mode control, fractional order sliding mode control, Caputo-
Fabrizio operator, Lyapunov stability 
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Abstract 

Cancer is a complex and multifactorial disease, characterized by disturbances at the molecular level, 
which make it difficult to detect, treat, and control effectively. Its highly dynamic and ever-evolving 
nature presents significant challenges in the development of successful therapeutic strategies. As a 
result, it is essential to study the intricate interactions between tumor cells, immune cells, and other 
biological components that influence tumor progression. Among immune cells, natural killer (NK) cells, 
CD8+ T cells, and various lymphocytes play critical roles in recognizing and eliminating malignant 
cells, thus contributing to the body’s defense mechanism. In this paper, we develop and analyze a 
fractional-order mathematical model to investigate cancer dynamics under the combined effects of 
chemotherapy and immunotherapy. The proposed model incorporates key immune components and 
therapeutic interventions to assess their collective impact on tumor behavior. We explore the qualitative 
properties of the model, including the existence and uniqueness of solutions through fixed-point 
theorems, and analyze the system’s equilibria and stability. Numerical simulations are performed to 
validate theoretical results and to examine the influence of key parameters and the role of the fractional-
order operator on both healthy and diseased states. The findings provide valuable insights into 
optimizing cancer treatment strategies.  

Keywords: Cancer, chemotherapy, immunotherapy, stability analysis, fractional order, Mittag-Leffler 
law 
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Abstract 

Fractional differential equations extend the classical definitions of derivatives and integrals, enabling 
more accurate modeling of complex natural phenomena. These equations are particularly valuable in the 
analysis of systems with time delays or memory-dependent behaviors, such as weak damping, 
anomalous diffusion, and viscoelasticity [1]. As a result, fractional models have become increasingly 
prevalent in contemporary physics, engineering, and biological sciences. This growing interest has, in 
turn, highlighted the need for novel analytical and numerical techniques for solving such equations. 
In this study, the Kashuri-Fundo Decomposition Method (KFDM) is explored as an effective technique 
for solving this class of equations, emphasizing the significance of fractional differential modeling [2]. 
The core idea of the method is to iteratively decompose complicated fractional differential equations 
into more manageable subcomponents or functional series, thereby simplifying the overall solution 
process. The solution is constructed progressively by generating successive terms that approximate the 
exact solution. In order to demonstrate the applicability of the method, the Benjamin-Bona-Mahony 
(BBM) equation, originally introduced by Benjamin, Bona, and Mahony in 1972 as a refined alternative 
to the Korteweg–de Vries (KdV) equation for modeling long waves in shallow water, is employed. This 
equation was selected due to its relevance in describing systems characterized by nonlinear wave 
propagation [3]. Using KFDM, the fractional form of the BBM equation is decomposed into simpler 
sub-problems and solved iteratively. The results demonstrate that the method offers a robust and 
efficient approach not only for the BBM equation but also for a broader class of nonlinear fractional 
differential equations. Thus, this study contributes to the advancement of solution techniques for 
fractional mathematical models and lays the groundwork for future research in this area. 

Keywords: Fractional Benjamin-Bona-Mahony equation, Kashuri Fundo decomposition method, 
Adomian decomposition method 
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Abstract 

In Quantum Key Distribution (QKD) systems, estimating the secret key rate (SKR) is a critical step for 
secure and efficient communication. In this study, instead of directly calculating the SKR using 
numerical methods, the TabNet deep learning model will be used to make fast, flexible, and interpretable 
estimates from QKD system parameters. The proposed model offers faster, and more interpretable 
estimates compared to traditional computational methods, holding significant potential for real-time 
applications. In this regard, the study aims to serve as a bridge between classical computational 
techniques and quantum security systems, functioning as a powerful decision support tool in quantum 
communication infrastructures expected to become widespread in the future. Additionally, this approach 
contributes to data-driven modeling-based prediction and optimization processes in QKD systems, 
offering an effective alternative to classical methods and laying the groundwork for the secure, flexible, 
and adaptive design of future quantum communication systems.  

Keywords: quantum key distribution, secret key rate estimation, Tabnet deep learning 
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Abstract 

Fractional differential equations have become increasingly prominent in scientific research due to their 
ability to generalize classical calculus and model complex, realistic phenomena in fields such as physics, 
biology, and engineering. Their flexibility in capturing history-dependent behaviors—like memory 
effects, delays, anomalous diffusion, and viscoelasticity—offers a more accurate modeling framework 
[1]. As a result, these equations are widely preferred in both scientific and industrial applications for 
representing system dynamics more precisely. The fractional Emden–Fowler equation, as a fractional 
derivative extension of the classical Emden–Fowler equation, plays a significant role in the scientific 
domain—particularly in the realistic modeling of physical phenomena and engineering-related applied 
problems. By incorporating fractional derivatives, the model accounts for the cumulative effects of the 
system’s past states, thereby offering more accurate and reliable results in cases where classical models 
prove inadequate [2]. In this context, the fractional Emden–Fowler equation has emerged as a powerful 
and widely used mathematical tool in both theoretical studies and practical applications. In this study, 
we address the solution of the fractional Emden–Fowler equation by integrating the Kashuri–Fundo 
integral transform with the homotopy perturbation method [3]. Initially, the fractional equation is 
converted into an integral form using the Kashuri–Fundo transform, which simplifies the structure of 
the equation and makes it more amenable to analytical treatment. Subsequently, the homotopy 
perturbation method is applied to construct the solution iteratively, progressing from a simple 
approximation to a more refined representation. This method typically yields the solution in the form of 
a convergent series that approximates the original fractional equation. The hybridization of these two 
approaches leverages enabling faster, more accessible, and more efficient solutions to complicated 
fractional differential models. 

Keywords: Fractional Emden-Fowler equation, Kashuri Fundo transform, homotopy perturbation 
method 
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Abstract 

The Bagley-Torvik equation, which originally arises in the modelling of viscoelastic systems and 
dynamics involving both inertia and damping effects [1,2], has significant applications in various fields 
such as mechanical engineering, materials science, and control theory. This equation in classical form 
contains a non-integer order fractional differential operator in Caputo sense [3] of order 3/2. The 
existence and uniqueness of solutions to such fractional differential equations and related analytical 
results have been presented in [3]. However, the analytical solution of such fractional differential 
equations remains a challenging task due to their non-local and singular behavior. In order to address 
this difficulty, we utilize a newly developed general integral transform that generalizes classical 
techniques such as Laplace and Fourier transforms. This transform is particularly suitable for handling 
fractional differential operators and provides a systematic framework for deriving closed-form solutions 
[4,5]. In this paper, we present the analytical solution of the fractional Bagley-Torvik differential 
equation involving the Caputo fractional derivative by employing a new general integral transformation. 
The analytical solution process involves transforming the fractional Bagley-Torvik equation into the 
image domain, solving the resulting algebraic equation, and then applying the inverse transform to 
obtain the time-domain solution. Several illustrative examples are provided to demonstrate the 
applicability and accuracy of the proposed method. The results obtained show excellent agreement with 
known solutions and reveal the robustness of the method for various fractional orders. The study 
concludes that the novel general integral transformation is a highly effective and versatile technique for 
solving a wide class of fractional differential equations involving Caputo derivatives, including the 
Bagley-Torvik equation. This method offers a valuable analytical tool for researchers working in the 
area of fractional calculus and applied mathematics. 

Keywords: Fractional Bagley-Torvik equation, a new general integral transformation, Caputo fractional 
derivative 
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Abstract 

In mathematics, Srivastava hypergeometric functions are a type of special function that plays a 
particularly important role in multivariate analysis [1]. While classical hypergeometric functions are 
typically defined for a single variable, Srivastava generalised this concept to multiple variables. These 
functions are a powerful tool for solving complex problems in fields such as mathematical physics, 
engineering, and applied mathematics. Hypergeometric functions are defined as generalised power 
series. Srivastava extended this definition to three variables, introducing triple hypergeometric functions 
known as HA, HB, and HC (see for example [2, 3, 4]). This work introduces new extensions to the 
definitions of the hypergeometric functions HA, HB, and HC using a beta function with general kernel in 
[5]. Various integral representations of these newly defined, extended hypergeometric functions are also 
presented in this work. 
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Abstract 

In the field of image processing applications, the segmentation phase involves the use of various 
methods such as histogram-based, clustering-based, region growing, separation, and merging to achieve 
the desired outcome. In a specific study focusing on the segmentation phase, the Watershed algorithm 
was employed to measure the sizes of powder particles in images obtained through scanning electron 
microscopy. This measurement serves to indicate the average particle size of the material, which in turn 
significantly influences the material's mechanical properties. The primary objective of image 
segmentation techniques, commonly employed in image processing, is to differentiate objects present 
in an image from the surrounding background. In the context of the study, these techniques were utilized 
to determine the sizes of powder particles obtained through microscopic imaging. The outcomes 
obtained through the application of the Watershed algorithm were subsequently compared to manual 
measurements. The experimental findings revealed that the Watershed algorithm is effective and 
provides satisfactory results compared to manual measurements. This comparison highlights the 
potential of the Watershed algorithm in accurately measuring particle sizes, thus emphasizing its 
significance in the field of image processing. The study's findings also underscore the efficiency of the 
automated measurement approach facilitated by the Watershed algorithm, leading to savings in time and 
effort. This emphasizes the importance of the study's contribution to the field of image processing, 
particularly in the context of particle size measurement and its implications for material properties. The 
successful application of the Watershed algorithm in this study not only validates its effectiveness but 
also highlights its potential for broader applications in image processing and related fields. 
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Abstract 

Many mathematical models play a crucial role in describing problems in real world. However, many 
such models involve functions that are continuous yet not differentiable, posing challenges in deriving 
solutions. One significant application area is image denoising, which is essential in digital image 
processing and computer vision. This work focuses on the problem of denoising images while preserving 
important texture details. Among the widely used approaches, the Total Variation (TV) norm has proven 
highly effective for image restoration and denoising tasks. Typically, TV-based image restoration 
methods aim to minimize an energy functional composed of a data fidelity term and a TV regularization 
term. The challenge arises because the TV norm involves a non-differentiable gradient norm, making 
numerical optimization more difficult. To overcome this kind of difficulties we offer different smoothing 
functions to be used in energy function that approximate non-differentiable function with differentiable 
counterparts. Our proposed techniques are incorporated into the Total variation (TV) norm framework, 
facilitating smoother and more efficient optimization procedures as compared to non-smooth version. 
The study applies this approach to popular Total variation based denoising algorithms such as the Rudin–
Osher–Fatemi (ROF) model, Chambolle's projection method, and the Primal-Dual Hybrid Gradient 
(PDHG) algorithm. Experimental results show that the peak signal-to-noise ratio (PSNR), the structural 
similarity index measure (SSIM), the visual effect, and the computational efficiency with these 
techniques are improved as compared with state-of-the-art denoising methods. Results demonstrate that 
the proposed smoothing techniques offer significant improvement in terms of accuracy and usability, 
highlighting its potential as a valuable tool for image processing and other optimization problems. 
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Abstract 

Improving public safety and reducing the risks associated with earthquakes depend heavily on the timely 
and accurate detection of seismic events. Convolutional neural networks (CNNs) have become a potent 
tool for seismic signal analysis due to recent advancements in deep learning. CNNs are more robust in 
detecting primary (P) wave arrivals than traditional methods like the Akaike Information Criterion (AIC) 
and the short-term average/long-term average (STA/LTA) method, which frequently falter in cases of 
high ambient noise from industrial and anthropogenic sources. In this work, a CNN-based model created 
especially for automatic P-wave detection in the seismically active area around Almaty, Kazakhstan, is 
presented. The data, which comes from the IRIS seismic database, includes recordings from seven 
stations that are 333 kilometers away from the city. The suggested model outperforms a number of 
current deep learning-based techniques with a recall of 89.1% and an overall detection accuracy of 
94.1%. The model's potential to improve the effectiveness and dependability of regional earthquake 
early warning systems is demonstrated by the experimental results. The findings also support the 
development of automated systems for disaster risk reduction by offering fresh perspectives on the use 
of deep learning techniques in regional seismic monitoring [1]. 
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Abstract 

Building on the analogy between financial systems and ecosystems, this study extends the classic 
Susceptible-Infected-Recovered (SIR) model to analyze financial risk contagion among firms [1-3]. 
Traditional integer-order models often fail to capture the memory effects, long-range dependencies, and 
structural complexities found in financial markets and supply chain interactions. To address these 
limitations, we reformulate the SIR model using the fractal-fractional derivative operator, which 
accounts simultaneously for fractal geometry and fractional memory effects [4]. The model reflects how 
past exposures and cumulative financial stress influence both contagion and recovery dynamics, 
providing a more realistic framework for modeling financial resilience and immunity. We conduct a 
detailed mathematical analysis to establish the existence and uniqueness of solutions, ensuring the 
model's well-posedness. Furthermore, we explore the asymptotic stability of both disease-free (risk-free) 
and endemic (persistent-risk) equilibria. For this purpose, we construct appropriate Lyapunov 
functionals tailored to the fractal-fractional framework, and derive sufficient conditions for stability, 
offering deeper insight into systemic risk and resilience thresholds. In addition to theoretical results, we 
implement a numerical scheme based on the Adams-Bashforth method, adapted to handle the nonlocal 
nature of fractal-fractional derivatives. This method enables efficient and accurate simulation of the 
system’s dynamic behavior over time. Numerical experiments are conducted using parameter values 
drawn from selected economic sectors, illustrating the model's capability to capture real-world risk 
propagation patterns and the delayed effects of interventions. Overall, this study introduces a novel and 
comprehensive approach to modeling financial contagion, with implications for policymakers, 
regulators, and financial analysts seeking to understand and mitigate systemic risks in interconnected 
economic systems. 
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Abstract 

This work focuses on the analysis of an epidemiological model with a fractional time derivative coupled 
with spatial diffusion, presented by a system of fractional partial differential equations. This modeling 
framework captures both memory effects in the temporal evolution of the epidemic and the dynamics of 
spatial propagation. We establish the existence, uniqueness, positivity, and boundedness of the solutions, 
ensuring the mathematical and biological consistency of the model. The equilibrium points, including 
the disease-free and endemic states, are then identified, and the basic reproduction number R_0 is 
computed to assess the disease's transmissibility. A global stability analysis of these equilibria is 
conducted using techniques adapted to the fractional-order setting. This enables the characterization of 
the conditions under which the infection either vanishes or persists within the population. Subsequently, 
we formulate an optimal control problem within the rigorous mathematical framework of control theory. 
The goal is to determine an optimal strategy that influences the system dynamics to reduce disease 
spread while minimizing an associated cost functional. By applying Pontryagin’s Maximum Principle 
tailored to fractional-order systems, we derive the necessary conditions for optimality and characterize 
the optimal control. Finally, numerical simulations are performed to validate the theoretical findings and 
to investigate the effects of the control strategy, the fractional derivative, and spatial diffusion on the 
disease dynamics. 

Keywords: Global analysis, optimal control, fractional derivative, infectious diseases 
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Abstract 

In this study, we presented the dynamic behaviors of a Covid-19 model, which means that how Covid-
19 virus infection spreads from person to person, with piecewise constant arguments. In accordance with 
this purpose, first we discretized the main system using a system of differential equations with piecewise 
constant arguments for both discrete and continuous time populations. Then, we obtained necessary and 
sufficient stability conditions of the system depending on the cure rate 𝑒𝑒, by means of the Schur-Cohn 
criterion. Moreover, we observed that the system behaves Neimark-Sacker like bifurcation as the 
bifurcation parameter varying in a small neighborhood of cure rate 𝑒𝑒. Finally, we applied two different 
control strategies to the discrete system to control the resultant chaos and numerical simulations, used 
to prove the accuracy of all the obtained analytical results.  
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References 

[1] Takeuchi, T., Zha, L., Tanaka, K., Katayama, Y., Sobue, T., Hirayama, A., Kitamura, T. et al. 
(2022). Clinical epidemiology and outcomes of COVID-19 patients with extracorporeal 
membrane oxygenation support in Japan: A retrospective study. IJID Regions, 3, 183-188. 

[2] Moreno-Garcia, E., Puerta-Alcalde, P., Letona, L., Meira, F., Duenas, G., Chumbita, M., et al. 
(2022). Bacterial co-infection at hospital admission in patients with COVID-19. International 
Journal of Infectious Diseases, 118, 197-202.  

[3] D’Antonio, M., Nguyen, J. P., Arthur, T. D., Matsui, H., D’Antonio Chronowska, A., Frazer, K. 
A. (2022). COVID-19 Host Genetics Initiative. SARS CoV-2 susceptibility and COVID-19 
disease severity are associated with genetic variants affecting gene expression in a variety of 
tissues. Cell Reports, 37(7), 110020.  

[4] Calderon-Parra, J., Cuervas-Mons, V., Moreno-Torres, V., Rubio-Rivas, M., Agudo-de Blas, P., 
Pinilla-Llorente, B., et al. (2022). Influence of chronic use of corticosteroids and calcineurin 
inhibitors on COVID-19 clinical outcomes: Analysis of a nationwide registry. International 
Journal of Infectious Diseases, 116, 51-58. 

[5] Sharma, A., Sapkal, S., Verma, M. K. (2021). Universal epidemic curve for COVID 19 and its 
usage for forecasting. Transactions of the Indian National Academy of Engineering, 6(2), 405-
413. 

 Corresponding Author Email: hgunduz@bingol.edu.tr 

https://icmads.org/
mailto:name.surname@email.edu


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   85 

Data-Driven Analysis of the Burgers Equation Via Higher-
Order Dynamic Mode Decomposition 

Simge Kacar Eroglu1, Gamze Yuksel2 

1 Big Data Office, Izmir Katip Celebi University, Izmir, Türkiye 
2 Department of Mathematics, Mugla Sıtkı Kocman University, Mugla, Türkiye 

Abstract 

Higher-Order Dynamic Mode Decomposition (HODMD) is a data-driven method used to extract 
spatiotemporal coherent structures from time-dependent dynamic systems data. HODMD, an extension 
of Dynamic Mode Decomposition (DMD), is structured to analyze the dynamics underlying the existing 
data system more precisely by using time-delayed embeddings. To mathematically determine the 
dominant modes, HODMD constructs a Hankel matrix from consecutive snapshots and applies high-
order singular value decomposition (HOSVD) [1]. This method offers advantages over classical DMD 
in reducing, modeling, controlling, and predicting complex nonlinear systems, including fluid flows and 
nonlinear wave propagation. Within the scope of this study, the state and future state estimation error 
values were calculated for the Burgers equation [2], which belongs to the canonical class of partial 
differential equations, by applying HODMD and DMD. HODMD performed better in the analysis of 
state and future state dynamics for nonlinear dynamics. 
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Abstract 

In this study, a new mathematical model has been developed to examine technology addiction behavior, 
based on the classical SLHB framework [1]. The model has consisted of five compartments in which 
individuals have been classified as susceptible, low/moderate users, heavy users, exhausted individuals, 
and behaviorally regulated individuals [1]. The system has been defined by time-dependent differential 
equations that have modeled the transitions between these stages [2]. In addition, four different control 
strategies have been introduced to regulate the process of technology addiction, and optimal control 
theory has been applied [2, 3]. Numerical simulations have demonstrated that the proposed strategies 
have contributed to the behavioral recovery process, indicating that the model has served as an effective 
tool for understanding and managing behavioral issues such as technology addiction [4, 5]. 
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Abstract 

PID controllers have remained a cornerstone in control engineering, thanks to their straightforward 
design, ease of implementation, and generally reliable performance. They are especially favored in 
systems like DC motor control, where maintaining stable and accurate speed is often essential. That 
said, when it comes to more complex or time-varying systems, manually adjusting PID gains becomes 
a much harder task. In literature, it is seen that traditional tuning methods such as Ziegler-Nichols tend 
to fall short in delivering consistent results under dynamic or unpredictable conditions [1]. To address 
these limitations, this study explores the use of four nature-inspired metaheuristic algorithms, Particle 
Swarm Optimization (PSO), Cuckoo Search (CS), Artificial Bee Colony (ABC), and Grey Wolf 
Optimizer (GWO) to optimize the PID parameters for DC motor speed control. Each of these algorithms 
brings a different strength to the table, particularly in navigating complex solution spaces and avoiding 
the pitfalls of local minimum, which are common in nonlinear control problems [2]. In order to fairly 
evaluate these algorithms, the tuning process is framed as a single-objective optimisation problem, and 
the Time-weighted Absolute Error Integral (ITAE) is selected as the fitness criterion. The reason for this 
choice is that ITAE emphasizes errors that persist over time [3]. Based on the results we obtained, it 
became clear that each algorithm exhibits unique strengths depending on the specific control criteria. 
For example, PSO demonstrated rapid convergence during the initial iterations, while CS excelled in 
comprehensive global search due to its Lévy flight mechanism. ABC showed notable resilience against 
premature convergence, and GWO provided a balanced and adaptive search strategy through its leader–
follower dynamics. From our observations, it is difficult to single out any one algorithm as universally 
superior. Instead, we suggest that selecting the most suitable algorithm should be driven by the particular 
requirements and objectives of the control application. Ultimately, the goal of this study was to offer a 
comparative evaluation of these metaheuristic methods in tuning PID controllers, providing engineers 
with data-driven insights to support more informed decisions in control system design. 

Keywords: DC motor control, PID controller, metaheuristic optimization, PSO, Cuckoo Search, ABC, 
GWO. 
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Abstract 

In this presentation, by employing the Taylor series expansion of the degenerate exponential function, 
we first modify the characteristic equation relating current to voltage and the physical parameters of the 
multi-diode model of a photovoltaic (PV) module. We then introduce the explicit solution referred to as 
the Degenerate Current of Taylor Series Expansion (DCTSE). Based on this analytical solution, new 
relationships are derived between the current-voltage-power triplet and the characteristic behaviours of 
the equivalent circuit parameters for both the Single Diode Model (SDM) and the more complex Multi-
Diode Model (MDM). Since degenerate exponential functions depend on a variable 𝜆𝜆, special cases of 
this variable produce results closely aligned with those reported in the literature. The reliability and 
adaptability of the proposed approach are quantitatively verified through various statistical metrics. 
Subsequently, the numerical results obtained by using the Numerical Solution of Degenerate Taylor 
Series Expansion (NSDT) algorithm are comprehensively analysed in comparison with the analytical 
solutions. The study is based on a RTC France silicon PV cell and a PhotoWatt-PWP201 PV module, 
and the results are compared with the SDM and MDM equivalent circuit parameter values reported in 
the literature [2]. The optimum RMSE obtained for the second order of DCTSE method for RTC France 
is 0.0012 A, R² values are 0.99997, ΣAE value is 0.026 A and 0.011 W. The optimum RMSE obtained 
for the second order of DCTSE method for a PhotoWatt-PWP201 is 0.0034 A, R² values are 0.99993 
and 0.99991 for current and power respectively, ΣAE value is 0.073 A and 0.88 W. Based on the 
findings, it is observed that the proposed model converges to the original values with high accuracy for 
both cell and module data. 
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Abstract 

The concept of crime is studied in detail by many different fields of study, including criminology, 
psychology, law, and sociology. Crimes can be defined as actions that violate laws and value established 
by state lawmakers and result in official penalties [1]. Crime rates continue to rise steadily globally. As 
digitalization and urbanization continue to expand at an accelerated pace, they play a significant role in 
facilitating the emergence of new and increasingly complex forms of criminal behavior. It is also 
important to point out that the lack of comprehensive and strictly enforced legal frameworks in certain 
countries, especially when combined with a widespread absence of fear or respect for legal authority, 
creates conditions that make it more likely for individuals to engage in unlawful conduct. The number 
of criminals continues to rise steadily as a result of these factors. It is particularly crucial to realize that 
much like infectious diseases, criminal behaviors are frequently picked up through social interaction and 
environmental observation. This social environment helps crime to spread even more within 
communities. That is why more and more researchers are starting to think of criminal behavior like a 
social epidemic, something that spreads from person to person through influence, copying others, and 
the opportunities that exist in society [2]. In this paper, we examine the positivity, boundedness, 
existence and uniqueness of the solutions of the mathematical model of crime under consideration. This 
ensures that the mathematical model is both theoretically sound and produces reliable and meaningful 
results, thus ensuring both mathematical and practical validity [3]. 
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Abstract 

The application of mathematical modeling has gained significant prominence in recent years, especially 
in understanding infectious diseases. Such models have proven instrumental in guiding control strategies 
like isolation, vaccination, and treatment, ultimately reducing disease spread. This study presents an 
innovative mathematical model for cholera, encompassing compartments for Susceptible (S), Exposed 
(E), Infected (I), Recovered (R), and Bacteria Concentration (B). The biological validity of the model is 
established by demonstrating the existence of a non-negative solution set and the boundedness of its 
compartments. Equilibrium points are derived, and the local stability of the disease-free equilibrium is 
examined. Furthermore, the basic reproduction number (R₀), a critical metric indicating the potential for 
disease outbreak, is calculated; its sensitivity to various parameters is thoroughly analyzed to identify 
influential factors. Bifurcation analysis is also conducted, with bifurcation diagrams illustrating the 
impact of natural mortality rates on population dynamics. To ensure the model’s applicability, its eight 
parameters are estimated through least squares curve fitting using real-world data obtained from the 
Iraqi Ministry of Health. Numerical simulations based on these fitted parameters validate the model’s 
robustness and provide insightful predictions regarding cholera transmission dynamics. This 
comprehensive approach offers valuable perspectives for effective disease management and enhances 
our understanding of cholera’s epidemiological conduct. 
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Abstract 

Regime-switching models are powerful tools to describe abrupt changes in real life phenomenon. These 
models capture the randomness efficiently by the dynamics of both diffusion/jump-diffusion processes 
and Markov chains. This framework provides valuable insights for applications in financial portfolio 
management, energy systems, robust engineering, operations research, insurance and stochastic optimal 
control. Many real-world systems, such as financial markets, energy systems, and economic processes, 
exhibit abrupt changes in dynamics due to external shocks or structural shifts, which are naturally 
modelled using regime-switching Markov processes. In this work, we focus on a stochastic control task 
where the states of the Markov chain represent the switches that may occur in an insurance contract as 
a consequence of accidents, health problems, death etc. We approach the problem from the side of an 
insurance company and develop a risk-sensitive stochastic optimal control framework for systems 
governed by regime-switching stochastic dynamics. We incorporate dynamic risk measures, such as 
coherent or convex risk measures, into the stochastic control formulation to account for the decision-
maker's risk preferences under regime uncertainty. It is well-known that robust stochastic control, which 
considers the design of the control or decision rules performing fare well across alternative models. In 
stochastic optimal control, the decision maker assumes that her model is perfect, however in reality, we 
face a subjective uncertainty about specification of the probability distribution over outcomes of the 
decision maker’s interests. This probability distribution appears because of selected model, see [1]. We 
establish conditions for the existence of optimal risk-averse control strategies and analyse their structural 
properties. We demonstrate the significant impact of regime shifts on optimal policies and the value of 
incorporating risk measures in obtaining robust and adaptive control strategies.  
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Abstract 

The focus of this paper is on optimizing the control of an HIV infection model through the use of 
mathematical modeling and optimal control theory. Our model is composed of a system of six non-linear 
differential equations that describe the dynamics of uninfected cells, exposed cells, actively infected 
cells, free virus particles, and the components of the adaptive immune system. This immune response is 
represented specifically by cytotoxic T-lymphocytes (CTLs) and antibodies, both of which play essential 
roles in suppressing viral replication and protecting the host. The study investigates the impact of two 
types of drug treatments: the first reduces the production of viruses from infected cells, while the second 
prevents new infections of healthy cells. These treatments aim to reduce the viral load and improve the 
functioning of the immune system over time. We prove the existence of an optimal pair of control 
functions for these therapies. To determine these optimal strategies, we apply Pontryagin's Minimum 
Principle, which is a fundamental tool in optimal control theory. This method allows us to characterize 
the necessary conditions that optimal treatments must satisfy. In addition to the theoretical analysis, we 
conduct a series of numerical simulations that show the effectiveness of the proposed control strategies. 
The simulation results highlight how properly timed and well-calibrated treatments can significantly 
reduce the number of infected cells and increase the population of healthy cells. This work underlines 
the relevance of combining mathematical modeling with optimal control techniques in designing 
effective treatment protocols against HIV. 
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Abstract 

This study presents an analytical solution to the fractional Black-Scholes equation [1] used for European 
option pricing by employing a newly proposed general integral transformation. The classical Black-
Scholes model, while widely utilized in financial mathematics, assumes constant volatility and 
instantaneous diffusion, which can lead to inaccuracies in markets exhibiting memory and anomalous 
diffusion effects. To address these limitations, we consider a time-fractional modeled version of the 
Black-Scholes equation. The fractional-order derivative is considered in the Caputo sense [2] to better 
capture the memory and hereditary characteristics inherent in financial markets. Traditional analytical 
and numerical methods often struggle with the complexity introduced by fractional derivatives, 
particularly in the modeling of option pricing. To overcome these challenges, an analytical framework 
is developed by integrating a New General Integral Transform [3,4] with homotopy perturbation method 
to tackle both the nonlinear structure and the fractional nature of the equation. The integral transform 
simplifies the time-fractional partial differential equation into a more tractable algebraic form. Then, the 
homotopy perturbation method is applied to construct a convergent series solution that rapidly 
approaches the exact analytical solution. The proposed method is validated through several illustrative 
examples. Results indicate excellent agreement with known solutions, thereby confirming the accuracy 
and efficiency of the hybrid approach. Moreover, the combined use of a New General Integral Transform 
and homotopy perturbation method significantly enhances computational performance while preserving 
the essential features of the fractional option pricing model. This study demonstrates that the synergy 
between a New General Integral Transform and homotopy perturbation method offers a powerful and 
reliable analytical tool for solving complicated fractional financial models. The approach can potentially 
be extended to other classes of financial derivatives and fractional dynamic systems, opening new 
directions in the mathematical modeling of financial markets. 

Keywords: Fractional Black-Scholes European option model, a new general integral transformation, 
homotopy perturbation method 
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Abstract 

This study advances the modeling of helium-burning abundance cycles by extending traditional 
deterministic frameworks to incorporate stochastic dynamics. Recognizing that processes such as 
turbulent convection and mixing introduce inherent variability and uncertainty into stellar nuclear 
reactions, we formulated a system of stochastic differential equations (SDEs) to enhance the realism of 
the helium-burning model, extending it from the existing ODE model. By embedding stochastic noise 
terms, represented as Wiener processes with carefully defined noise coefficients, into the governing 
equations, our model captures random fluctuations in reaction rates and elemental abundances. This 
stochastic framework retains the underlying deterministic structure while enabling the study of how 
random perturbations affect system stability, equilibrium behavior, and transient dynamics during the 
helium flash. The approach provides a nuanced representation of the complex, multi-dimensional 
interactions between nonlinear nuclear reactions and fluid dynamics occurring on dynamic timescales. 
Numerical simulations of the SDE system are performed using appropriate stochastic numerical 
methods, such as the Euler–Maruyama scheme, to investigate the behavior of helium-burning abundance 
cycles under random perturbations. Applications of this model include improved prediction of stellar 
evolution pathways, assessment of the robustness of nuclear reaction networks under stochastic 
influences, and quantification of the probability and impact of extreme events in astrophysical 
phenomena. Through this comprehensive modeling approach, we offer deeper insights into the 
variability and unpredictability inherent in helium-burning cycles, contributing to more accurate and 
robust stellar dynamical theories. 

Keywords: Helium-burning, stochastic differential equations, numerical simulation 
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Abstract 

Rough set theory, introduced by Pawlak [1], is a field that aims to derive rules from uncertain 
information in data tables using mathematical tools. Pawlak’s idea is based on two fundamental 
concepts, which he called the lower and upper approximations of a set. These approximations 
are obtained by defining an equivalence relation on the set of objects in the data tables. In recent 
years, new approximations, boundary, and accuracy values have been defined by using general 
binary relations instead of equivalence relations. The main idea behind this approach is to define 
a neighborhood corresponding to each object by using any relation defined on the object set. In 
the literature, many neighborhood systems have been defined, such as 𝒞𝒞𝑗𝑗-neighborhoods [3], 
𝒫𝒫𝑗𝑗-neighborhoods [5], ℰ𝑗𝑗-neighbourhoods [4], and the cardinality neighborhood system [2]. By 
using these neighborhood systems, lower and upper neighborhoods close to Pawlak’s logic are 
defined, or a topological space is generated, and lower and upper approximations are defined 
as the interior and closure operators, respectively. In this study, we introduce a new 
neighbourhood system and investigate its fundamental properties. We derive new topologies 
from this neighborhood system. These obtained topologies are compared with each other based 
on the subset relation. We provide examples that demonstrate the relationships between the 
topologies. Additionally, we define lower and upper approximations. Based on these 
approximations, new concepts of boundary and accuracy values are obtained. We also compare 
the newly obtained boundary sets and accuracy values. Finally, the theoretical results are 
applied to a data table that involves a real-life problem. 
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Applications 
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Abstract 

In this study, a novel multi-step iterative method is proposed and analyzed for the 
approximation of fixed points of 𝐺𝐺 −asymptotically nonexpansive mappings. This new scheme, 
which generalizes previously established iterative approaches, is developed within the 
framework of Banach spaces and incorporates the structure of directed graphs. Several 
theorems concerning the weak and strong convergence of the method are established under 
appropriate assumptions. In addition, the proposed iterative process is evaluated in the context 
of signal enhancement, where its performance is tested against different types of noise, 
including Gaussian and salt-and-pepper models. 

Keywords: Multi-step iterative algorithm, digraph, fixed points 
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Abstract 

This paper introduces Durrmeyer-type modifications of the generalized Baskakov operators using a 
differentiable function ψ on [0,∞), satisfying specific boundary conditions. Approximation properties 
are examined via a weighted modulus of continuity based on ψ\psiψ. We prove uniform convergence on 
unbounded intervals, a quantitative Voronovskaya theorem, and direct estimates using moduli of 
smoothness. The convergence rate depends on the choice of ψ and classical Baskakov–Durrmeyer 
results are recovered when ψ(x)=x. 

Keywords: Baskakov operators, weighted modulus of continuity, quantitative Voronovskaya theorem 
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Abstract 

We study the uniform approximation errors of Szasz-Mirakyan-Durrmeyer operators within the 
framework of exponential weights. As a first step, we prove that the norms of these operators, acting on 
weighted function spaces with varying exponential weights, form a uniformly bounded sequence. 
Building on this, we derive Korovkin-type approximation theorems based on exponential weighted 
convergence. Our results highlight the role of exponential preservation in the approximation process. 
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Abstract 

In this study, we propose a new framework, called the Sequence-Ratio Frenet Frame, in which the 
magnitudes of the tangent, normal, and binormal vectors in the classical Frenet–Serret formulation are 
scaled according to specific integer sequences, such as Fibonacci and Pell numbers. This approach 
extends the unit-length assumption of the Frenet frame to incorporate growth ratios observed in nature, 
thereby enabling the generation of curves and surfaces with organic, self-similar, and fractal-like 
characteristics. The modified Frenet–Serret equations corresponding to these sequence-based scalings 
are derived, and their effects on curvature and torsion are examined. Several parametric examples based 
on the proposed frame are presented. 

Keywords: Frenet–Serret frame, curvature, torsion, ruled surface 
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Abstract 

In this study, wavy translation surfaces in the three-dimensional Heisenberg group 𝐻𝐻3 are investigated 
in terms of their geometric properties under sub-Riemannian geometry. The classical definition of 
translation surfaces is extended to the non-commutative structure of 𝐻𝐻3 by proposing new 
parametrizations in which one or both of the generating curves incorporate periodic and quasi-periodic 
oscillations. Some characterizations of these surfaces are also provided. 
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Abstract 

Image restoration is essential to many disciplines, including engineering and the health sciences, 
particularly in the processes of diagnosis, analysis, and modeling. Since images in these disciplines are 
frequently tainted with undesirable effects like distortion, noise, or artifacts, successful analysis requires 
efficient restoration procedures. A limited optimization type was created by Rudin, Osher, and Fatemi 
(ROF) to get around this, i.e., to eliminate noise from images [1]. Then, Chambolle [2] proposed 
strategies that improve the speed and stability of the numerical solution of the ROF model. For the 
purpose of eliminating noise, Bezier curve-based smoothing methods have recently been developed [3]. 
The applicability of several Bezier Curve-based smoothing methods has been evaluated in both global 
optimization studies and image restoration, with impressive outcomes [4]. Images with diverse 
contaminations pose significant challenges in the measurement process and illness detection for both 
Computed Tomography (CT) and Cone Beam Computed Tomography (CBCT) systems. These 
contaminations also impede image reconstruction. In this study, the newly developed algorithms are 
applied to CT and CBCT images in order to overcome these difficulties. The new algorithms include 
various smoothing methods developed for the gradient norm in the regularization part of the energy 
function in the TV norm denoising method. This algorithm has several features. The first is to obtain 
results closest to the original structure while reducing the noise in the image. In this direction, 
appropriate parameters are used to ensure that especially fine details are preserved. The second is that 
the algorithm can be used in images obtained with CT and CBCT systems containing different features 
and types of contamination. The third is to show that the algorithm provides effective results not only 
for 2D images containing similar contaminations, but also for 3D images. The obtained results and 
details are shown. 

Keywords: İmage restoration, cone beam computed tomography, TV norm denoising 
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Abstract 

The Narayana sequence originates from a problem studied by Narayana in the fourteenth century 
concerning a herd of cows and calves. This problem is described as follows: Every year, a cow gives 
birth to one calf, and starting from the fourth year, each calf itself begins to reproduce annually. The 
question posed is, after 20 years, how many calves will there be in total? This can be modeled by the 
recurrence relation   

𝑛𝑛𝑠𝑠+3  =  𝑛𝑛𝑠𝑠+2 +  𝑛𝑛𝑠𝑠,  𝑠𝑠 ≥  0,  with   𝑛𝑛₀ =  0,𝑛𝑛₁ =  1,𝑛𝑛₂ =  1, 
which yields the sequence 

  0, 1, 1, 1, 2, 3, 4, 6, 9, 13, 19, 28, … 
known as the Narayana sequence or Fibonacci-Narayana sequence. In recent years, the Narayana 
sequence and its generalizations have attracted considerable attention in combinatorics and number 
theory (see [1, 2]). Also, Bilgin Ellidokuzoğlu [3] has developed new sequence spaces by employing 
the Narayana numbers. Motivated by these developments, this study introduces new sequence spaces 
generated by the q-Narayana matrix 𝑁𝑁𝑞𝑞 , constructed using q-analogs of Narayana numbers. Using the 
matrix 𝑁𝑁𝑞𝑞 ,  we define the normed sequence spaces 𝑐𝑐0(𝑁𝑁𝑞𝑞) and 𝑐𝑐�𝑁𝑁𝑞𝑞�. We prove that these spaces are 
linearly isomorphic to the classical spaces 𝑐𝑐0 and 𝑐𝑐, respectively, preserving essential topological 
properties. Inclusion relations between 𝑐𝑐0(𝑁𝑁𝑞𝑞) and 𝑐𝑐(𝑁𝑁𝑞𝑞) are investigated, and explicit Schauder bases 
are constructed for both spaces. Additionally, the alpha, beta, and gamma duals of these spaces are 
determined, providing a detailed understanding of their dual structures. Matrix transformation classes 
(𝑐𝑐0(𝑁𝑁𝑞𝑞),𝑋𝑋) and (𝑐𝑐(𝑁𝑁𝑞𝑞),𝑋𝑋) are characterized for suitable sequence spaces 𝑋𝑋. In conclusion, this work 
contributes to the theory of sequence spaces by developing and analyzing q-Narayana based 𝑐𝑐0 and 𝑐𝑐 
sequence spaces, thus bridging combinatorial number sequences with functional analysis. 
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Conformable Fractional Integrals 
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Abstract 

In this study, a new form of Newton type inequality is developed for multiplicative convex functions 
using multiplicative conformable fractional integrals. This novel inequality, which has not previously 
appeared in the literature, is proven through a fundamental identity proposed for multiplicatively 
differentiable functions. The main results are also reduced to special cases for multiplicative Riemann 
Liouville fractional integrals and multiplicative integrals, and several inequalities are presented within 
the framework of these operators. 

Keywords: Multiplicative calculus, Newton inequality, fractional integrals 
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Abstract 

This paper investigates the global existence of solutions to a class of fourth-order partial differential 
equations with logarithmic nonlinearity under suitable initial and boundary conditions. The equation 
under study represents a nonlinear evolution model characterized by a degenerate logarithmic source 
term. The analysis is carried out using a combination of the energy method, potential well theory, and 
delicate priori estimates to establish global well-posedness. The fourth-order equation has its origin in 
the canonical model introduced by Petrovsky. This type of equation arises in many branches of science 
such as acoustics, optics, geophysics, and ocean acoustics. Equations with logarithmic source terms have 
appeared in many different areas of physics, such as quantum mechanics, nuclear physics, inflationary 
cosmology, optics, and supersymmetric field theories. These applications motivate the mathematical 
study of such problems, particularly the question of global existence versus finite-time blow-up. We 
show that under suitable assumptions on the initial data, global existence of weak solutions can be 
obtained. The analysis further characterizes the role of logarithmic nonlinearity in controlling the long-
term behavior of solutions. Our results contribute to the understanding of nonlinear dynamics in higher-
order evolution equations with singular or degenerate nonlinear terms. The techniques used in this study 
may also be extended to more general fourth-order models or other classes of nonlinearity. 
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An Investigation of Predictive Multiplicity in Model Selection 
for Credit Risk Estimation 
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Abstract 

Credit risk estimation plays a critical role in financial decision-making, yet the phenomenon of 
predictive multiplicity [1], where multiple models yield similar accuracy but diverge in individual-level 
predictions, remains underexplored in this domain. This paper introduces a systematic framework to 
assess predictive multiplicity in probabilistic classification by leveraging the Rashomon set [2] of near-
optimal models generated using H2O AutoML [3]. We used two key metrics: the viable prediction range 
[4], which quantifies the variability in risk scores across models, and ambiguity [1], which captures the 
prevalence of substantial prediction deviations from a reference model. Using nine publicly available 
credit datasets, our results reveal significant heterogeneity in multiplicity levels. While some datasets 
show high variability, others display remarkable stability. These findings have critical implications for 
model governance and fairness, especially under legal frameworks such as GDPR [5] and the EU AI 
Act [6]. Our study emphasizes the importance of evaluating prediction consistency and model selection 
alongside accuracy to ensure trustworthy AI-based credit scoring systems. 
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Accuracy in the Exponential Model under Improved Adaptive 
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Abstract 

In this study, we investigate the effect of random removal mechanisms on parameter estimation in the 
Exponential distribution within the framework of the Improved Adaptive Type-II Progressive Censoring 
(IAT-II PCS) scheme. Under this scheme, the number of units removed at each failure time is determined 
at random, reflecting practical situations in which the number of removals cannot be fixed in advance 
due to operational constraints. Both maximum likelihood and Bayesian methods are employed to 
estimate the scale parameter of the exponential distribution. A Monte Carlo simulation study is carried 
out to evaluate the performance of the estimators under various random removal patterns. The results 
show that the structure of the removal mechanism has a significant effect on estimation accuracy, which 
in turn highlights the importance of properly accounting for the censoring design when analyzing 
lifetime data under the IAT-II PCS framework. 

Keywords: Improved adaptive Type-II progressive censoring, random removals, maximum likelihood 
estimation, Bayesian estimation, exponential distribution 
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Abstract 

Full life testing is often unrealistic in survival analysis, reliability analysis, and engineering experiments 
because of requires long period of experiment, involve high costs, and other experimental difficulties.  
To overcome this issue, the Improved Adaptive Type-II Progressive Censoring Scheme (IAT-II PCS) 
has been recently introduced, which effectively ensures that the experiment duration does not exceed a 
predetermined threshold time. Thus, this paper aims to investigate the estimation of unknown parameters 
of the Pareto distribution under this censoring scheme using maximum likelihood and Bayesian 
estimators. The Bayesian analysis conducted based on various informative priors and loss functions. A 
comprehensive Monte Carlo simulation is conducted to compare the performance of the used estimators. 
The obtained simulation results demonstrate that the Bayesian estimators, especially when informative 
priors are used, yield the most accurate outcomes. 

Keywords: Improved adaptive Type-II progressive censoring, classical estimation, Bayesian 
estimation, MCMC method, Pareto distribution 
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Abstract 

This study utilizes approximation techniques to address a boundary value problem involving a 
differential equation with a delayed argument: 

𝑥𝑥′′(𝑡𝑡) + 𝑎𝑎(𝑡𝑡)𝑥𝑥�𝑡𝑡 − 𝜏𝜏(𝑡𝑡)� = 𝑓𝑓(𝑡𝑡), (0 ≤ 𝑡𝑡 ≤ 𝑇𝑇), 

                            𝑥𝑥(𝑡𝑡) = 𝜑𝜑(𝑡𝑡)  (𝜆𝜆0 ≤ 𝑡𝑡 ≤ 0),             𝑥𝑥(𝑇𝑇) = 𝑥𝑥(𝑐𝑐),  (0 ≤ 𝑐𝑐 ≤ 𝑇𝑇),                              (1) 
where 𝑎𝑎(𝑡𝑡) ≥ 0, 𝑓𝑓(𝑡𝑡) ≥ 0 and 𝜏𝜏(𝑡𝑡) ≥ 0, (0 ≤ 𝑡𝑡 ≤ 𝑇𝑇) and 𝜑𝜑(𝑡𝑡),  (𝜆𝜆0 ≤ 𝑡𝑡 ≤ 0) are known continuous 
functions. The problem is approached through analytical techniques by first transforming it into an 
equivalent integral equation. Specifically, we derive a Fredholm–Volterra integral equation that 
encapsulates the delayed behavior inherent in the original differential equation. The Fredholm operator 
in this equation features a degenerate kernel, which enables simplification and facilitates the 
construction of successive approximations. To solve this integral equation, we employ the two-sided 
convergence method, a powerful iterative technique that generates two sequences of approximate 
solutions—lower and upper bounds—that converge monotonically toward the exact solution. This 
method is particularly well-suited for problems with delayed arguments, as it ensures both stability and 
convergence under appropriate conditions on the kernel functions. The main objective of the study is to 
demonstrate the applicability and accuracy of Simple Two-Sided Convergence Method for this class of 
boundary value problems. A numerical example is presented to illustrate the theoretical results, and the 
obtained approximations are compared with the exact analytical solution. All computations were carried 
out using Maple, ensuring precise numerical evaluation. 

Keywords: Boundary value problem, Fredholm-Volterra integral equation, differential equation with 
retarded argument, the consecutive substitution method 
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Patients Using a Novel Marshall–Olkin Type Lifetime 
Distribution 
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1 Department of Statistics, Faculty of Science, Selçuk University, Konya, Türkiye 

Abstract 

In this study, a new flexible three-parameter lifetime distribution based on the Marshall–Olkin family 
[1] is introduced. The baseline distribution is considered as a two parameter Burr-Hatke distribution [2]. 
Various fundamental mathematical properties of the proposed distribution such as the probability 
density function, cumulative distribution function, hazard rate function, and quantile function, moments, 
etc. are investigated. Furthermore, to demonstrate the flexibility of the proposed distribution, graphical 
representations of the probability density function and hazard rate function are provided under different 
parameter settings across various scenarios. Several estimation methods are considered for estimating 
the unknown parameters of the distribution, such as maximum likelihood, least squares, Anderson–
Darling, and Kolmogorov methods. The performance of these estimators is evaluated through a Monte 
Carlo simulation study. In the simulation study, the performance of the estimators is compared using 
criteria such as bias, mean squared error, mean relative error, and average absolute bias, calculated based 
on 5,000 replications. Furthermore, the practical applicability of the proposed distribution is examined 
using a dataset representing the survival times of breast cancer patients measured over a nine-year 
period. This application is evaluated through goodness-of-fit tests such as Kolmogorov-Smirnov, 
Anderson-Darling and Cramér-von Mises and graphical analyses, and its performance is compared with 
that of existing models. The real data analysis shows that the proposed distribution outperforms several 
well-known models in literature, including Weibull, gamma, exponential, Dagum, and Burr-Hatke 
distributions. 

Keywords: Breast cancer, data analysis, estimation, Marshall-Olkin family of distributions, Monte 
Carlo simulation 
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On the Numerical Conditioning of Vandermonde Systems 
with Mock-Chebyshev Nodes 

B. Ali Ibrahimoglu 
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Abstract 

Polynomial interpolation over a set of distinct nodes, when expressed in the monomial basis, leads to a 
linear system whose coefficient matrix is of Vandermonde type. A well-known drawback of the 
Vandermonde matrix is its tendency to be severely ill-conditioned when built from real nodes [1], even 
at relatively small polynomial degrees. The degree of ill- conditioning depends strongly on the 
distribution of the interpolation points and the basis used. While Chebyshev nodes—characterized by a 
highly non-uniform spacing—are generally recommended to improve numerical stability, practical 
situations often involve data sampled only at equally spaced locations. In such settings, polynomial 
interpolation not only suffers from the Runge phenomenon but also exhibits significant numerical 
instability. To address these challenges, an effective strategy is to select mock-Chebyshev nodes from a 
dense set of uniformly spaced points, thereby capturing the favorable interpolation properties of 
Chebyshev nodes [2,3,4]. In this study, we investigate the conditioning of the Vandermonde-like matrix 
and demonstrate that mock-Chebyshev nodes yield a similar improvement to that obtained with 
Chebyshev–Lobatto nodes. 
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Statistical Convergence: A Generalized Approach to Sequence 
Behavior 

Yasemin Uludoğan1, Hasan Kara1 
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Abstract 

Statistical convergence is a powerful generalization of classical convergence, especially useful in 
analyzing sequences whose standard convergence fails. This concept, introduced in the early 20th 
century and later expanded by Fast and Schoenberg, provides a flexible tool for understanding the 
behavior of sequences using natural density. In this work, we revisit the foundations of statistical 
convergence, explore its relationship with classical summability methods—particularly Cesàro 
summability—and present examples where these notions diverge. We also discuss the role of density in 
defining convergence and highlight how statistical convergence enables deeper insights into real 
analysis and functional analysis problems. Our objective is to outline its mathematical properties, 
present comparative analysis with other summability techniques, and open new perspectives for 
applications in theoretical and applied mathematics. 
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On Qualitative Analysis of the Perturbed Pure-Cubic 
Nonlinear Schrödinger Equation Having Spatio-Temporal 
Dispersion  
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1 Mathematical Engineering Department, Yildiz Technical University, Istanbul, Türkiye 

Abstract 

In this study, we investigate the perturbed pure-cubic nonlinear Schrödinger equation having spatio-
temporal dispersion. The pure-cubic form is a model commonly used in the literature that indicates the 
third order nonlinear Schrödinger equation in the absence of the chromatic dispersion. The model is one 
of the fundamental equations in nonlinear optics and mathematical physics and important for the pure-
cubic solitons, quantum mechanics and Bose-Einstein condensation. This study includes its 
mathematical analysis, reducing the model into the nonlinear ordinary differential equation, revealing 
optical solitons and extensive qualitative analysis which includes phase portraits, chaotic behaviour 
when external force appeared, and sensitivity analysis. The findings are supported via 2D-3D figures. 
Although one of the distinguishing points of the study is that there has not been much work done in this 
direction in the literature regarding the model examined in the article, it also has the potential to open 
new windows for researchers working in this field in terms of studies that can be conducted by taking 
into account areas such as stochastic, fractional, multi-soliton interaction of the examined model.  

Keywords: The perturbed pure-cubic Schrödinger equation, qualitative analysis, phase portraits, chaotic 
behaviour 
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Stability in Set-Valued Differential Equations 
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Abstract 

This study investigates the Lipschitz stability of nonlinear set-valued differential equations, with 
particular attention to the impact of perturbations in both initial conditions and initial times. Set-valued 
models serve as a powerful framework for describing uncertain and dynamic systems, especially when 
solutions are not uniquely defined but evolve within compact sets. Such systems naturally arise in 
engineering, control theory, and applied sciences, where external disturbances and time delays 
frequently occur. In this work, we compare a perturbed system with an unperturbed reference model and 
derive sufficient conditions under which the perturbed solution remains close to the reference solution. 
The variation of parameters method is employed to obtain integral representations of solutions, and a 
detailed variational analysis is conducted to assess the effect of structural and temporal deviations. 
Notably, the criteria for Lipschitz stability are formulated without relying on Lyapunov functions. 
Instead, the variational system of the unperturbed model is used to provide deviation bounds and 
quantify stability behavior. This approach broadens the existing theory by explicitly incorporating initial 
time differences and nonlinear dynamics into the stability framework. The theoretical results are 
consistent with and extend prior works in the literature on set-valued differential equations [1-5]. 
Applications of the results include robust modeling and qualitative analysis of dynamic processes under 
uncertainty. Moreover, the proposed framework is advantageous in analyzing systems that exhibit 
sensitivity to time-shifts and non-unique initial responses. It enables a deeper understanding of how 
small structural and temporal deviations affect the overall behavior of the system, which is crucial in 
applications such as delay differential equations, uncertain control systems, and hybrid dynamics. These 
insights are valuable for both theoretical investigations and practical implementations in sensitive 
dynamic environments. 
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Abstract 

Firstly, the Lane-Emden equation is categorized using specific functions to implement linearization and 
transformation methods in this study. Thus, the specific class to which the equation belongs was 
determined by this category, and an appropriate transformation is selected for this class. Subsequently, 
a nonlocal transformation pair is derived by these techniques. Additionally, first integrals of Lane-
Emden equation are derived by this method. Exact solutions corresponding to various physical scenarios 
are obtained from these first integrals and are illustrated graphically. Subsequently, the first integrals 
and the Lagrangian and Hamiltonian formulations of the equation are found. Analytical solutions for 
different physical cases are derived from obtaining first integrals and visualized graphically. 

Keywords: Analytical solution, linearization, nonlocal transformations, Sundman transformation, 
symmetries, λ-symmetries, integrating factors 
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Abstract 

This study provides a robust solution to the critical challenge of severe overfitting that arises when 
applying Long Short-Term Memory (LSTM) networks to forecast raw, non-stationary financial time 
series. While powerful, standard LSTMs often fail to generalize on such data; here, we demonstrate that 
data-driven regularization is the key enabling technology for building accurate and reliable models. By 
focusing on in-model regularization rather than data pre-processing, our work presents a viable, modern 
alternative to the traditional econometric paradigm which mandates pre-emptive stationarization. To 
investigate this, we conduct a large-scale analysis on daily gold prices, comparing a baseline LSTM 
against models using four distinct dropout regimes: Fixed, Monte Carlo, Dynamic, and Adaptive. Each 
of these four regimes was systematically tested in combination with fourteen different information-
divergence measures to identify the optimal configuration. The results conclusively show that the 
baseline model overfits significantly. In contrast, the introduction of a data-driven dropout mechanism 
proves to be the definitive factor for success. The optimal configuration achieved a substantial reduction 
in validation error and confirmed its robust performance on a held-out test set, demonstrating high 
predictive accuracy and a strong goodness-of-fit. These findings support the growing view that modern 
machine learning models can effectively learn from complex data in their natural form [1,2]. The 
primary contribution of this work is therefore the systematic demonstration that data-driven dropout 
effectively solves the overfitting problem for LSTMs in the context of non-stationary price forecasting. 
This offers valuable and practical insights for both researchers and financial practitioners, shifting the 
focus from altering the data to fit the model, to choosing the right model architecture to handle the 
complexity of the data. 

Keywords: Time series forecasting, deep learning, LSTM, regularization, dropout, financial data 
prediction 
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Abstract 

Equations that involve an unknown function and its derivatives with respect to independent variables 
are called differential equations. If a differential equation contains only one independent variable, it is 
referred to as an ordinary differential equation (ODE). If there are two or more independent variables, 
it is called a partial differential equation (PDE). In mathematical physics, if one of the independent 
variables in a differential equation represents time, such equations are often called evolution equations. 
Differential equations have numerous applications in fields such as medicine and technology. The goal 
of numerical analysis is to obtain approximate solutions to complex problems that are analytically 
difficult—or even impossible—to solve, using only basic arithmetic operations. There are many 
numerical methods for solving differential equations, most of which involve solving the equations step 
by step using small intervals [1]. The size of these steps directly affects the accuracy of the solution. 
One of the simplest and most widely used numerical methods is the Euler method, which estimates the 
solution by advancing a step using the derivative's value. However, its accuracy may be limited in certain 
cases. Therefore, improved versions of the Euler method and alternative approaches are used to yield 
more accurate and stable results. These include the Improved Euler method, Runge-Kutta methods, 
Adams-Bashforth methods [2], multi-step methods, and the finite difference method [3]. The principles 
of operation, strengths, and limitations of each method are studied in detail. Nevertheless, to ensure the 
accuracy and stability of these numerical methods, careful selection and application are required. In this 
study, a specific differential equation problem is solved using several of these numerical methods. The 
results obtained from different approaches are compared in terms of accuracy, stability, and 
computational efficiency. Through this comparison, the practical advantages and limitations of each 
method are discussed. 

Keywords: Differential equations, partial differential equations, ordinary differential equations, 
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Abstract 

This presentation explores the qualitative behavior of solutions to a nonlinear Klein-Gordon equation 
subject to a fractional boundary damping mechanism. The Klein-Gordon equation, a classical model in 
relativistic wave theory, describes the evolution of scalar fields and serves as a fundamental partial 
differential equation in mathematical physics. In our setting, the equation is considered on a bounded 
spatial domain with appropriate initial and boundary conditions. What distinguishes this study is the 
incorporation of a fractional derivative—in the Caputo sense—applied at the boundary, which 
introduces nonlocal and memory-dependent effects into the system. We focus on three central aspects 
of the solution's behavior: existence, decay, and blow-up. First, we address the existence of solutions, 
which refers to whether a mathematically meaningful solution to the problem exists for a given set of 
initial data. Depending on the initial energy and the structure of the nonlinear terms, the solution may 
exist locally or globally. Second, we examine the decay of the solution, specifically the decrease of its 
associated energy over time. The presence of fractional damping at the boundary has a significant impact 
on this behavior. Under appropriate conditions, this results in either polynomial or exponential decay of 
the solution's energy. Finally, we consider the blow-up, where the solution becomes unbounded in finite 
time. The competition between the dissipative effect of the fractional boundary damping and the energy-
increasing tendency of the nonlinear term determines whether the solution remains global or experiences 
finite-time blow-up. 
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Abstract 

We develop a comprehensive theory of fractional analytic functions by extending the conformable 
fractional derivative framework established by Khalil et al. [1,2] to complex analysis. Our main 
contributions include the complete characterization and solution of fractional Cauchy-Riemann 
equations, the establishment of a rigorous theory of fractional harmonic functions, and the proof of 
fundamental theorems analogous to classical complex analysis including the fractional maximum 
modulus principle, fractional Liouville’s theorem, and fractional residue theorem. We also develop 
fractional Laurent series representations and investigate geometric properties of fractional conformal 
mappings. This work provides a unified theoretical framework that preserves the elegance of classical 
complex analysis while incorporating the rich structure of fractional calculus as developed by Samko, 
Kilbas, and Marichev [8]. 
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Abstract 

In this study, we investigate the existence, decay, and blow-up of solutions to a hyperbolic-type partial 
differential equation of the Kirchhoff type with a delay term. Kirchhoff formulated a partial differential 
equation that generalizes the classical D’Alembert wave equation to model the oscillations of a stretched 
elastic string, taking into account the changes in the length of the string caused by the oscillation itself. 
Delay differential equations were first considered in the 18th century by the Bernoulli brothers and 
Leonhard Euler. However, a systematic study of such equations began in the 1940s with the works of 
Myshkis and Bellman. Since the 2000s, delay differential equations have become a highly active area 
of research. These equations are also known in the literature as functional differential equations, deviated 
argument equations, or differential-difference equations. In recent years, the influence of time delay on 
the behavior of solutions to partial differential equations has become a significant research topic. Delay 
effects naturally arise in many real-world applications, including physics, chemistry, biology, thermal 
processes, and economics. In many cases, even a small delay can lead to instability in systems that are 
otherwise stable and well-behaved in the absence of delay, unless additional conditions or control 
mechanisms are implemented. However, in certain cases, the presence of a delay can has a stabilizing 
effect. Therefore, stability analysis and robust control of time-delay differential equations are of both 
theoretical and practical importance. Examples of phenomena that can be modeled by delay differential 
equations include traffic flow, the spread of infectious diseases, population dynamics, and laser models. 
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Abstract 

The Sombor index, a new class of topological molecular descriptors based on degrees, has just surfaced. 
Given the pre-existing popularity of exponential topological indices, this index has quickly become well-
known among its topological equivalents. In the paper, we explore the identification of extremal graphs 
and present the idea of the exponential Sombor index. Additionally, we undertake a comprehensive 
comparative evaluation of the exponential Sombor index in relation to a range of other topological 
indices. 

Keywords: Exponential topological index, graph theory, Sombor index, topological index 
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Abstract 

This paper introduces new generalizations of the classical Narayana numbers by defining two novel 
sequences: the non-Newtonian Narayana numbers and the non-Newtonian Narayana–Lucas numbers. 
These sequences are constructed within the framework of non-Newtonian calculus, a generalized 
arithmetic system that replaces standard addition and multiplication with operations defined by a 
generator function [1,2]. This setting allows classical recurrence relations to be extended in new 
directions, leading to structurally different but related sequences. Recent studies have extended similar 
non-Newtonian generalizations to classical sequences such as Fibonacci, Lucas, Leonardo, Pell, 
Padovan, and Jacobsthal numbers, investigating their properties and identities [3-8]. The present paper 
begins by formulating the recurrence relations for both sequences under the non-Newtonian approach. 
Several algebraic and combinatorial properties of these new numbers are then investigated. In particular, 
the paper derives the generating functions for each sequence, allowing for their representation as power 
series. Additionally, various summation formulas are developed, which offer compact expressions for 
finite sums involving non-Newtonian Narayana numbers. The paper also focuses on exploring several 
well-known identities, such as the Cassini, Catalan, d’Ocagne, Gelin-Cesàro, and Melham identities, 
within the non-Newtonian framework. Some of these identities are classical results related to Narayana 
and Narayana-Lucas numbers and are reformulated to hold under the newly defined operations. Finally, 
the relationship between the non-Newtonian Narayana and non-Newtonian Narayana-Lucas numbers is 
discussed, showing how both sequences fit into a broader generalization. 
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Abstract 

In this study, the concept of a semi 𝑆𝑆-metric space is introduced, and its topological properties are 
investigated. A semi 𝑆𝑆-metric space with generalized 𝑆𝑆-triangle function is considered, through which 
certain known 𝑆𝑆-metric spaces are generalized. Under regular conditions, such spaces are shown to be 
Hausdorff. A significant lemma concerning equivalent semi-metrics is presented to demonstrate the 
consistency of the induced topologies and convergence behavior. This topological framework provides 
a foundation for the development of fixed-point theorems, for which essential definitions and several 
new results are provided. 
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Abstract 

Let f be a real-valued continuous function on [0,∞), and consider the integral s(x) = ∫ f(t)dtx
0 . The 

(H, k) summability method for the integrals, where k is a positive integer, also known as the Hölder 
summability of order 𝑘𝑘, is a regular summability method. If 𝑠𝑠(𝑥𝑥) converges to a finite limit ℓ as 𝑥𝑥 → ∞, 
then it is also (𝐻𝐻, 𝑘𝑘) summable to ℓ for all 𝑘𝑘 ≥ 1. However, the converse implication is not always true. 
To ensure the validity of this implication certain additional conditions are required, known as Tauberian 
conditions. Theorems in which such conditions lead to the ordinary convergence of 𝑠𝑠(𝑥𝑥) are known as 
Tauberian theorems. In this study, we establish Tauberian conditions under which (𝐻𝐻, 𝑘𝑘) summability 
of the integral 𝑠𝑠(x) = ∫ 𝑓𝑓(𝑡𝑡)𝑑𝑑𝑑𝑑x

0  implies either ordinary convergence or (𝐻𝐻, 1) summability, thereby 
generalizing certain results in the literature concerning (𝐻𝐻, 1) and (𝐻𝐻, 2) summability methods. 
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Abstract 

This article investigates the concept of Secure metric dimension (Sdim) in zero divisor graphs (ZD-
graphs) associated with rings. Consider a finite commutative ring with unity, denoted as 𝑅𝑅, where 
nonzero elements 𝑥𝑥 and 𝑦𝑦 are identified as zero divisors if their product results in zero (x ⋅ y = 0). The 
set of zero divisors in ring 𝑅𝑅 is referred to as 𝐿𝐿(𝑅𝑅). To analyze various algebraic properties of R, a graph 
known as the zero-divisor graph is constructed using 𝐿𝐿(𝑅𝑅), provides a powerful graphical framework 
for studying the algebraic structure of rings through graph theory. In this study, we focus on the Secure 
Metric Dimension, a strengthened version of the classical metric dimension that guarantees robust vertex 
identification even under adversarial conditions. We derive general upper and lower bounds for the 
Secure Metric Dimension of ZD-graphs and analyze how it varies across different classes of 
commutative rings. Notably, we extend and generalize the Sdim for ℤ𝑛𝑛, the ring of integers modulo 𝑛𝑛, 
for all values of 𝑛𝑛. Furthermore, we investigate the relationship between the Secure Metric Dimension 
and the diameter of ZD-graphs, establishing significant connections. Our exploration includes important 
algebraic structures such as the Gaussian integer rings and quotient polynomial rings, offering broad 
generalization. The findings provide novel characterizations of rings based on their graphical properties 
and open new avenues for further algebraic and graph-theoretic research, especially in secure network 
design and information encoding. These results can be applied to enhance the structural design of 
communication networks where node identification and fault tolerance are critical. Additionally, they 
offer potential use in cryptographic systems and data verification protocols by leveraging the secure 
distinguishing properties of graphs. 
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Abstract 

The first and second Zagreb indices, originally developed by Gutman and Trinajstić [1] are among the 
foundational and most widely studied topological indices in chemical graph theory. Over the years, these 
indices have proven to be valuable tools for uncovering connections between the structural properties 
of a graph and the chemical or physical behavior it represents. As a complementary perspective, Kulli 
introduced the reverse Zagreb indices [2], which emphasize the contributions of low-degree vertices. 
These indices provide deeper insight into structural vulnerability, peripheral connectivity, and the 
robustness of networks. In the present study, we focus on the behavior of reverse Zagreb indices on 
algebraic graphs derived from monogenic semigroups - a class of commutative semigroups generated 
by a single element. By exploiting the algebraic regularity of these semigroups, we develop an 
adjacency-based algorithm and derive closed-form expressions for both the first and second reverse 
Zagreb indices. In particular, we investigate how the parity of the generator's exponent significantly 
affects the symmetry and combinatorial properties of the corresponding graph. Our findings reveal a 
unique and symmetric reverse degree sequence, shedding light on the structural characteristics of 
monogenic semigroup graphs. Moreover, the results demonstrate that reverse Zagreb indices are 
especially effective in identifying weakly connected or peripheral regions in graph-based models. These 
insights not only advance the theoretical understanding of topological indices in algebraic graph theory 
but also suggest potential applications in molecular stability modeling, network resilience analysis, and 
related fields in applied mathematics and data science.  

Keywords: Reverse Zagreb index, monogenic semigroup, topological indices 
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Abstract 

The purpose of the article is to introduce the new concept of extended parametric S-metric spaces of 
type (α, β) which extends the concept of parametric S-metric spaces defined by Taş and Özgür [1]. This 
extension is made by using two functions in the trigonometric inequality condition of a parametric S-
metric space. In this article, basic properties of these spaces such as convergence, Cauchy sequences, 
and completeness are introduced. Several theorems on fixed points are proved for different types of 
mappings such as contractionary and expansionary mappings in extended parametric S-metric spaces. 
The theoretical findings are supported with examples that confirm the applicability of the main 
theorems. We generalize and extend some of the existing fixed-point theorems in the literature [2-4], by 
using a more general approach to the study of the existence and uniqueness of fixed points which do not 
require the functions to be continuous. The main contributions include the construction of extended 
parametric S-metric spaces of type (α, β), establishing their basic properties, fixed-point theorems for 
contractive and expansionary mappings, and integral equations. 

Keywords: Fixed point, parametric s-metric space, extended parametric s-metric space, contractive 
mapping, expansive mapping 
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Abstract 

The orthotropic p−Laplacian operator [2, 3] also known as the pseudo-p-Laplacian operator [1] 
represents a significant concept in the field of mathematical analysis, especially within the realm of 
partial differential equations (PDEs). It develops as a generalisation of the standard Laplacian operator 
for circumstances in which the underlying material has anisotropic qualities, i.e. its physical features 
vary with direction. In recent years, this operator has seen widespread use in a variety of scientific and 
engineering disciplines, including materials science, biomechanics, and geophysics. Bousquet et al. [3] 
demonstrated that local weak solutions of the orthotropic p-harmonic equation are Lipschitz for all 𝑝𝑝 ≥
 2 and all dimensions. More generally, their solution is valid for more degenerate equations with 
orthotropic structures and right-hand sides in appropriate Sobolev spaces. Chaker and Kim [4] 
investigated the resilient regularity estimates for nonlinear integro-differential operators with anisotropic 
and singular kernels. Furthermore, they demonstrated a Sobolev-type inequality, a weak Harnack 
inequality, and a local Hölder estimate. This talk explores the optimality conditions for a multiobjective 
optimal control problem driven by an elliptic orthotropic p-Laplacian equation. We use an appropriate 
energy function to demonstrate the existence and uniqueness of a weak solution to the elliptic partial 
differential equation. This includes proving Gâteaux's differentiability and p-hyperconvexity for 𝑝𝑝 ≥
 2. Furthermore, the optimality conditions for a weak Pareto optimal point [5] and a true Pareto optimum 
point are defined. 

Keywords: Necessary optimality conditions, optimal control problem, p-Hyperconvexity, Lebesgue 
space, Sobolev space 
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Abstract 

Computer networks have redefined modern society by facilitating unprecedented connectivity and the 
ability to share information across different platforms and geographies. This comprehensive analysis 
examines the fundamental concepts of computer networks, their underlying mechanisms, and the 
significant impact they have on contemporary society. Whereas networks offer remarkable economic, 
educational, and social dividends, they also pose unprecedented vulnerabilities in the form of 
cybersecurity attacks, malware attacks, and privacy issues. The study investigates an e-epidemic model 
to analyze the behavior and defense mechanisms of the infected malware in the network. Here initially 
study the positivity of the model and derive the basic reproduction number that determines the existence 
of malware in the network. Lastly, the theoretical results simulate the real parametric values.  This 
analysis helps control infection and inform network security design and prediction. 

Keywords: Computer network, malware, DDoS, computer network, basic reproduction number, 
stability analysis 
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Abstract 

Power generation in Türkiye is usually shaped by the effects of the global energy crisis, economic 
fluctuations, and increasing domestic demand. The indicators showed that renewable energy accounted 
for 41% of energy production, with solar energy accounting for 9.17%. PV systems have grown fast in 
popularity. This may primarily be ascribed to the notion of photovoltaic (PV) systems as a cleaner and 
more eco-friendly substitute for fossil fuels. We determined that solar PV systems are a desired 
alternative energy source for Türkiye. Solar PV systems use cells to transform sunlight directly into 
electricity for generating clean and cheap energy during the daytime. The capacity of solar panels in PV 
systems has increased, resulting in the assemblies that deliver the most economical electricity in several 
regions globally. This paper aims to create AI models to predict solar radiation (SR) using advanced 
machine learning techniques like medium neural networks (ANN), radial-based function networks, and 
deep neural networks. The parameters such as temperature, optimum tilt angle of solar panels, direct 
normal irradiance, global horizontal irradiation, global irradiation at optimal tilt, and diffuse horizontal 
irradiance were used for predicting the amount of SR generated in Türkiye and creating maps of the 
important parameters. Solar panels can generate a lot more energy when slanted at the proper angle 
rather than when they are flat. This process is particularly crucial for locations where the sun's angle 
varies significantly throughout the year. The results and findings will help advance a data-driven 
approach to renewable energy planning and help create more sustainable and effective energy systems 
in various geographical areas in Türkiye. There are some limitations of PV systems including end-of-
life PV recycling, reuse, or landfilling methods, environmental implications, and economic 
sustainability. 

Keywords: Solar radiation, prediction, ANNs, DNN, RBFN, energy planning 

References 

[1] Aziz, F., Haq, A. U., Ahmad, S., Mahmoud, Y., Jalal, M., & Ali, U. (2020). A novel 
convolutional neural Network-Based approach for fault classification in photovoltaic arrays. 
IEEE Access, 8, 41889–41904. 

[2] Victoria, M., Haegel, N., Peters, I. M., Sinton, R., Jäger-Waldau, A., Del Cañizo, C., Breyer, C., 
Stocks, M., Blakers, A., Kaizuka, I., Komoto, K., & Smets, A. (2021). Solar photovoltaics is 
ready to power a sustainable future. Joule, 5(5), 1041–1056. 

[3] Goossens, D., Goverde, H., Catthoor, F. (2018). Effect of wind on temperature patterns, electrical 
characteristics, and performance of building-integrated and building-applied inclined photovoltaic 
modules. Solar Energy, 170, 64–75.  

 Corresponding Author Email: otaylan@itu.edu.tr 

https://icmads.org/
mailto:otaylan@itu.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   130 

On Some Properties of the New Paranormed Series Space 
Derived by Generalized Means 

Canan Hazar Güleç 

 Department of Mathematics, Pamukkale University, Denizli, Türkiye 

Abstract 

In the present study, we introduce a new paranormed series space �𝐴̅𝐴(𝑟𝑟,𝑠𝑠,𝑡𝑡,𝑢𝑢)�(𝑝𝑝) over the paranormed 
space ℓ(𝑝𝑝) using absolute generalized means method, where 𝑝𝑝 = (𝑝𝑝𝑘𝑘) is a bounded sequence of positive 
real numbers. Also, we examine various topological properties of this space and determine its 𝛼𝛼-, 𝛽𝛽-, 
and 𝛾𝛾-duals. 
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Abstract 

Fractional calculus has emerged as a key analytical framework in modern mathematics and applied 
sciences, offering effective tools for modeling complex phenomena. In recent years, fractional calculus 
has been a rapidly developing area of mathematics, offering powerful tools for modeling the complex 
dynamics of systems across various scientific and engineering disciplines. This advancement is largely 
attributed to the introduction of novel fractional operators. The proportional Caputo-hybrid operator is 
one of them. In this study, upper and lower bounds for the left-hand side of Hermite-Hadamard type 
inequalities involving proportional Caputo-hybrid operators are established for functions whose second 
derivatives are bounded. Additionally, specific instances of the obtained results are examined, and 
illustrative examples are presented to support these cases. These outcomes extend earlier investigations 
while simultaneously providing useful frameworks and techniques for solving a variety of problems in 
mathematics and science. 

Keywords: Proportional Caputo-hybrid operator, Hermite-Hadamard type inequalities, twice 
differentiable functions 
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Abstract 

In this study, the probability density functions (PDFs) of several well-known continuous probability 
distributions, and their convexity/concavity properties are examined. The distributions analyzed include 
the Normal, Uniform, Exponential, Lognormal, Gamma, Beta, and Weibull distributions. The analytical 
forms of their probability density function, and moment characteristics were considered. The convex or 
concave nature of each distribution was determined by analyzing the second derivative of its PDF: 
The normal distribution is concave within the interval 𝜇𝜇 − 𝜎𝜎 < 𝑥𝑥 < 𝜇𝜇 + 𝜎𝜎 and convex outside of this 
range. The Uniform distribution has a constant PDF with both its first and second derivatives equal to 
zero; therefore, it is neither convex nor concave. The Exponential distribution is convex over its entire 
domain (𝑥𝑥 ≥ 0). The Lognormal distribution exhibits both concave and convex regions depending on 
the value of the standard deviation parameter (σ); inflection points vary accordingly. The Gamma 
distribution, when α 𝛼𝛼 = 1, reduces to the exponential distribution and is fully convex; when 0 < 𝛼𝛼 <
1, it is typically convex for 𝑥𝑥 > 1. The Beta distribution is entirely convex when both parameters satisfy 
𝛼𝛼 < 1, 𝛽𝛽 < 1. The Weibull distribution is equivalent to the exponential distribution when k=1, making 
it fully convex in that case; for other shape parameters, the curvature of the PDF varies. These findings 
offer a theoretical and graphical framework for understanding the shape properties of continuous 
probability distributions in terms of convexity and concavity. 
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Abstract 

A biological phenomenon known as growth typically occurs when mass or volume increases over time. 
Growth can be effectively predicted using these empirical mathematical models of growth patterns, 
which are continuous functions of time with biologically significant characteristics. It derived inflection 
points for generalized logistic, Richards, Von Bertalanffy, Brody, logistic, Gompertz, generalized 
Weibull, Weibull, monomolecular, Mitscherlich, Lopez, Morgan-Mercer-Flodin (MMF), Levakovich, 
and Janoschek functions the so-called growth curves in this study. In statistics, the functions frequently 
depict the mean portion of non-linear regression models. An essential physical interpretation in the 
relevant application area is the growth curve's inflection point, which is the point on the curve where the 
rate of growth reaches its greatest value. A growth curve's inflection point is of great statistical relevance 
in addition to the model parameters. In general, the optimum growth model is identified using the 
Bayesian information criterion (BIC), Akaike's information criteria (AIC), mean square error (MSE), 
adjusted coefficient of determination (adj. R2), and coefficient of determination (R2). The growth 
models' R2 and modified R2 values were comparable and near 1, suggesting that all of the models do a 
good job of explaining how the value of the dependent variable (y) changes over time. In addition, the 
statistics with the smallest MSE, AIC and BIC values are also decisive for identifying the best model. 
The parameters of nonlinear growth models, asymptotic value, integration constant and maturation rate 
are calculated. It has been observed that nonlinear growth models can be applied in many fields.  

Keywords: Growth curve, flexible function, inflection point, parameters, goodness of fit 
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Abstract 

This work is devoted to constructing the numerical solution of the Cauchy problem for a system of 
ordinary differential equations. We have considered the construction of the asymptotes of the solution 
to the Cauchy problem for a system of ordinary differential equations with a regular singularity, using 
the method of regularization of singularly perturbed problems, when a small parameter tends to zero. 
We also find the numerical solution using the finite difference method. The Cauchy problem for a system 
of ordinary differential equations is formulated as: 
                             (𝜀𝜀 + 𝑡𝑡)𝑢𝑢′(𝑡𝑡, 𝜀𝜀) = 𝐴𝐴(𝑡𝑡)𝑢𝑢(𝑡𝑡, 𝜀𝜀) + 𝑓𝑓(𝑡𝑡),       𝑡𝑡 ∈ (0,1],      𝑢𝑢(𝑡𝑡, 𝜀𝜀)|𝑡𝑡=0 = 𝑢𝑢0.     (1) 
Let us introduce regularizing variables: 

𝜏𝜏𝑗𝑗 = 𝜆𝜆𝑗𝑗(0) ln �
𝑡𝑡 + 𝜀𝜀
𝜀𝜀

� ≡ 𝜃𝜃𝑗𝑗(𝑡𝑡, 𝜀𝜀),   𝑗𝑗 = 1,𝑛𝑛�����,    𝑧𝑧 = ln �
𝑡𝑡 + 𝜀𝜀
𝜀𝜀

�. 

And for the extended function 𝑢𝑢�(𝑀𝑀, 𝜀𝜀) a regularized problem with respect to  𝜀𝜀 is obtained: 

𝐿𝐿�𝜀𝜀𝑢𝑢�(𝑀𝑀, 𝜀𝜀) ≡ (𝜀𝜀 + 𝑡𝑡)𝜕𝜕𝑡𝑡𝑢𝑢�(𝑀𝑀, 𝜀𝜀) + 𝐷𝐷𝜆𝜆𝑢𝑢�(𝑀𝑀, 𝜀𝜀) − 𝐴𝐴(𝑡𝑡)𝑢𝑢�(𝑀𝑀, 𝜀𝜀) + 𝜕𝜕𝑧𝑧𝑢𝑢�(𝑀𝑀, 𝜀𝜀) = 𝑓𝑓(𝑡𝑡),  
𝑢𝑢�(𝑀𝑀, 𝜀𝜀)|𝑡𝑡=𝜏𝜏=0 = 𝑢𝑢0,                                                                                                   (2) 
The solution to problem (2) is sought in the form of the series. 

Keywords: Numerical solution, Cauchy problem, small parameter 
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Abstract 

This paper presents a comprehensive and generalized derivative framework that synthesizes the notions 
of the post-quantum derivative and the Fréchet derivative, with the quantum Fréchet derivative emerging 
as a specific case within this broader structure. The principal aim of this construction is to furnish a more 
versatile and robust analytical apparatus capable of overcoming the fundamental limitations inherent in 
classical derivatives, particularly in contexts involving non-linear or non-smooth operators. Such 
limitations become increasingly prominent in infinite-dimensional settings, where conventional 
differentiation approaches often prove insufficient. The formulation of the post-quantum Fréchet 
derivative is grounded in rigorous mathematical reasoning. The framework is initiated with precise 
definitions, followed by an in-depth exploration of its algebraic and analytical characteristics. Its 
consistency with classical derivatives in finite-dimensional scenarios affirms its theoretical soundness, 
while its adaptability to infinite-dimensional spaces underscores its potential for broader applicability in 
advanced mathematical analysis. Specifically, the proposed derivative is tailored to function effectively 
within analytical environments encompassing functional spaces, operator equations, and dynamical 
systems characterized by complex behavior. A series of illustrative examples is provided to demonstrate 
its practical implementation and to highlight its capability in handling mathematical entities that lie 
beyond the reach of traditional differential tools. In addition to its theoretical relevance, the post-
quantum Fréchet derivative shows promise in a variety of applied domains, including quantum 
mechanics, control theory, and the modeling of physical and engineering systems where classical 
definitions fall short. The study concludes by proposing that the framework may guide future work in 
generalized differentiation and non-classical analysis. 

Keywords: q-derivative, Fréchet derivative, non-linear operators, post-quantum Fréchet derivative 
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Abstract 

The 𝑞𝑞-calculus appeared as a connection between mathematics and physics. It has numerous applications 
in different subfields of mathematics, involving number theory, combinatorics, basic hypergeometric 
functions and quantum theory. For more information, we refer readers to the studies [1-4]. This study 
primarily aims to explore the existence and uniqueness of solutions for a q-Caputo fractional differential 
equation subject to a 𝑞𝑞-integral boundary condition. By using Schaefer’s fixed-point theorem, we first 
investigate the existence of at least one solution for the considered 𝑞𝑞-Caputo fractional problem. With 
the help of the Banach fixed-point theorem, we deduct the uniqueness results of solutions for the 
considered problem. Furthermore, by examining the stability of the solutions, we obtain novel and 
meaningful contributions in the field. 
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Abstract 

The detection of anomalies within time series data and the identification of associated patterns are of 
paramount importance [1]. Anomalies are defined as data points, patterns, or events within a dataset that 
significantly deviate from expected or normal behavior. Statistical methods and rule-based approaches 
have been traditionally applied, while deep learning techniques have recently gained prominence in this 
field [2]. This study explores the application of Long Short-Term Memory (LSTM) networks alongside 
various deep learning models. The strength of LSTMs lies in their ability to learn long-term 
dependencies in sequential data [3], while deep learning models, such as transformers and autoencoders 
are utilized to capture global patterns [4]. The performance of the proposed models is evaluated using 
the Numenta Anomaly Benchmark (NAB) dataset [5], specifically the AWS EC2 CPU utilization data, 
which encapsulates temporal variations in a server’s CPU load, including common challenges such as 
low-frequency anomalies and abrupt changes. The proposed model effectively identifies and learns 
patterns such as periodicity, transient disruptions, and trends in time series data. During the training 
process, reconstruction errors are employed, and anomaly detection is performed by considering the 
statistical distribution of these errors. The model classifies values exceeding the 95th percentile 
threshold as anomalies. Beyond CPU utilization, the approach holds promise for applications in energy 
management, cybersecurity, system monitoring, and other domains. 
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Abstract 

This study presents a computational fluid dynamics (CFD) analysis of fire safety performance in an 
enclosed underground car park with a mechanical ventilation system under varying jet fan capacities. 
The simulation was conducted using Fire Dynamics Simulator (FDS) to evaluate smoke propagation, 
temperature distribution, visibility, and air velocity under a car fire scenario. The mechanical ventilation 
system includes an exhaust fan and five jet fans operating at different capacity levels. Fresh air supply 
is distributed through three separate inlets. The computational grid is composed of cartesian cells, and 
the fire source was modeled as a 4 MW localized heat release mimicking a car fire. Simulation results 
showed that without any ventilation, the parking area became completely smoke-filled within minutes, 
with visibility rapidly falling below acceptable levels. When jet fans are operated at low-capacities, 
smoke removal was slower, resulting in prolonged periods of reduced visibility and gradual temperature 
reduction. In contrast, full capacity jet fan operation demonstrated better performance in smoke 
management, facilitating more efficient smoke evacuation and maintaining visibility above 15 meters 
in most areas within shorter timeframes. The enhanced airflow created by high-capacity fans also 
contributed to faster temperature reduction throughout the parking facility. Velocity field analysis 
demonstrated that the fan layout minimized stagnant zones effectively, with almost no dead zones (areas 
with zero velocity) observed in the parking area. Temperature analysis revealed that all ventilation 
scenarios kept temperatures below 100°C away from the fire source, with high-capacity fans providing 
more effective hot air removal. Overall, the simulation confirmed that increasing jet fan capacity 
improves smoke control, restores visibility more quickly, accelerates heat dissipation, and provides 
better safety conditions for occupant evacuation. 
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Anomaly Classification in Transistor Datasets Using Deep 
Learning – Effects of Optimization Algorithms 
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Abstract 

The detection of anomalies and the identification of associated patterns in industrial data are of 
paramount importance. As essential parts of electronic equipment, transistors need early quality control 
to guarantee dependability. Detecting anomalies in transistors is a challenging task due to their complex 
characteristics. Anomalies in transistors are defined as patterns or events that deviate from normal 
behavior. While statistical methods and rule-based approaches have traditionally been employed, deep 
learning techniques have recently gained prominence in this field [1,2]. This study utilizes the MVTec 
Anomaly Detection (AD) dataset, a widely recognized benchmark cited in over 500 studies, which 
includes various patterns (e.g., nuts, screws, carpets) for AD problems [3]. The research investigates the 
performance impacts of different optimization algorithms in conjunction with various deep learning 
models. Optimization algorithms play a critical role in determining the learning rate, accuracy, and 
generalization capability of models [4,5]. The training was conducted using the widely adopted Adam, 
SGD, and RMSprop algorithms, with their results compared. The findings indicate that the Adam 
algorithm generally provides faster and more stable learning, RMSprop offers comparable performance 
with its adaptive learning rate, while SGD, as a more traditional method, tends to progress more slowly 
in certain cases. The selection of an optimization algorithm is emphasized as a crucial factor in anomaly 
detection. The selection of an optimization algorithm is emphasized as a crucial factor in anomaly 
detection. Furthermore, improving product quality and cutting production costs depend on the early 
detection of transistor anomalies during industrial quality control. 

Keywords: Transistor, anomaly, deep learning methods, optimization 
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Using OpenFOAM 

Mehmet Numan Kaya 

Department of Mechanical Engineering, Necmettin Erbakan University, Konya, Türkiye 

Abstract 

Biomedical fluid dynamics is a critical interdisciplinary field that combines engineering principles with 
physiological understanding to improve the safety and performance of medical devices. Blood flow 
within biomedical devices, such as heart valves, ventricular assist devices, and stents, often departs from 
Newtonian assumptions due to its shear-thinning nature and complex rheology. These non-Newtonian 
characteristics can significantly affect flow separation, shear stress distribution, and the risk of 
hemolysis, thereby influencing both device performance and patient safety. Accurate computational 
modeling of such flows plays a critical role in the iterative design process, performance optimization, 
and compliance with regulatory standards. This study examines the hemodynamics of the FDA 
benchmark nozzle using the Bird–Carreau viscosity model to represent non-Newtonian blood behavior. 
The focus is on assessing the influence of Reynolds number under geometrical and physical conditions 
consistent with the FDA standard. The computational domain was modeled as a 5° wedge sector of the 
axisymmetric nozzle and extruded to achieve a rotationally symmetric mesh. Simulations were 
performed in OpenFOAM using a steady-state, pressure-based solver under laminar flow conditions, 
with Reynolds numbers of 300, 400, 500, 600, and 700 defined at the nozzle throat. The inlet velocity 
was scaled proportionally to Reynolds number, while other boundary conditions were held constant. 
Flow characteristics were analyzed through axial velocity profiles at selected cross-sections upstream, 
at, and downstream of the throat, along with centerline velocity distributions. Results showed 
acceleration in the converging section, a velocity peak at the throat, and progressive deceleration in the 
diffuser. Higher Reynolds numbers produced increased peak velocities and steeper wall-adjacent 
velocity gradients. 
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Abstract 

The optical soliton solution of nonlinear complex models holds significant importance in nonlinear 
optics and communication systems. Considering nonlinear complex models, often described by 
equations like the nonlinear Schrodinger equation (NLSE), plays a crucial role in defining the balance 
between dispersive and nonlinear effects, enabling the formation and maintenance of solitons over long 
distances. This stability is crucial for signal integrity in optical communication systems. The 
investigation of optical soliton solutions from nonlinear complex models is sometimes complicated. 
With this in mind, we employed an effective method of extended Tanh function with a Riccati 
differential equation to retrieve the dark, singular and periodic wave solutions for the (2+1)-dimensional 
coupled nonlinear Schrodinger Equation. The obtained solutions were verified by back-substitution in 
the original equations, with the aid of Mathematica to affirm the robustness of the chosen approach. 
Respective 3F, contours and 2D graphs for some of the obtained results were portrayed by choosing 
suitable values of the parameters that were involved. An analysis of instability that results in the 
modulation of the steady-state as a result of co-action between the nonlinear and dispersive effects was 
performed on the proposed model where the condition for stable wave under small perturbation was 
obtained and presented. The gain spectrum plot for the modulation instability was also portrayed.  

Keywords: (2+1)-dimensional coupled nonlinear Schrodinger equation, extended tanh approach, 
modulation instability 
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Abstract 

CSS-T codes have recently been introduced as quantum error-correcting codes that admit a transversal 
implementation of the T gate. Each CSS-T code is defined by a CSS-T pair consisting of two binary 
codes (C1, C2) such that C2 ⊆ C1, C2 is even, and the shortening of C1⊥ with respect to the support of 
each codeword of C2 is self-dual. Despite their significance, CSS-T codes have been the subject of only 
limited study in the literature. There are several methods to construct linear codes, one of which involves 
utilising functions defined over finite fields. Ding et al. [2] proposed the second generic construction 

method to generate linear codes of the form 𝒞𝒞D = {�Tr22
m(bx1), Tr22

m(bx2), . . . , Tr22
m(bxn)� ∶  b ∈

𝔽𝔽2m}, where Tr22
mdenotes the trace function from 𝔽𝔽2m to 𝔽𝔽2 and D = {x1, x2, … , xn} is the defining set. 

Then, 𝒞𝒞D is a linear code over 𝔽𝔽2 with length n and dimension at most m. Motivated by this construction, 
Tang et al. [3] proposed a generalised construction over 𝔽𝔽2 as   

𝒞𝒞D = ��Tr22
m(axi + byi)�(xi,yi)∈D

∶ a, b ∈ 𝔽𝔽2m� , 

where   the defining set D = �(x, y) ∈ 𝔽𝔽2m
2 ∶ f(x, y) = 1� for a Boolean function f from 𝔽𝔽2m to 𝔽𝔽2. In 

this work, suppose we have the defining set D = �(x, y) ∈ 𝔽𝔽2m
2 ∶ f(x) + g(y) = 1�, where both f and g 

are two Boolean functions from 𝔽𝔽2m to 𝔽𝔽2. We first construct a new family of three-weight binary linear 
codes when f(x) = Tr22

m(x) is a linear function and g is a Boolean bent function. Moreover, we then 
extend our analysis to the case where both f and g are bent functions, and we construct a new family of 
three-weight binary linear codes. We determine the Hamming weights and their weight distributions in 
the constructed codes.  Berardini et al. [1] presented the necessary and sufficient conditions for a pair 
(C1, C2) of binary linear codes to form a CSS-Tpair. We employ the constructed codes to derive CSS-T 
pairs using the described construction method. The resulting code pairs are then used to generate new 
classes of binary quantum CSS-T codes. Our analysis demonstrates that the constructed pairs of codes 
indeed satisfy the CSS-T conditions, and the resulting CSS-T codes are new compared with those 
previously reported in the literature. 

Keywords: Linear code, quantum code, CSS-T code, bent function 
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Abstract 

This article comprehensively examines innovative rough approximation models built upon 
neighborhood systems and graph theory. The study aims to develop new and effective approximation 
methods based on the 𝐸𝐸𝑗𝑗− neighborhoods concept, utilizing graph structures within the framework of 
rough set theory. The notions of neighborhoods are important tools for rough approximation via graphs, 
where finite topological structures. In this study, we introduce new types of, 𝐸𝐸𝑗𝑗− neighborhoods for 
vertices of a given graph. Firstly, we define new types of j-lower and j-upper approximations for any 
subgraph of an arbitrary graph. Then, we calculate the accuracy of these approximations. Besides, we 
find to three basic regions of rough sets theory for them. Finally, we give an algorithm and example 
related to our methods. 
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Abstract 

In this presentation, we investigate the finite-time blow-up of solutions to a higher-order evolution 
partial differential equation involving a variable exponent logarithmic source term. Let Ω ⊂ ℝⁿ be an 
open bounded domain and 𝑇𝑇 > 0. Consider a solution to an initial-boundary value problem defined as 
if 𝑢𝑢:𝛺𝛺 × [0,𝑇𝑇) → 𝑅𝑅. The supremum of such time values T is referred to as the maximal existence time 
of the solution and is denoted by 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚. Accordingly, two possibilities arise: If 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 = ∞, then the 
solution exists globally in time. If 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 < ∞,  then the solution blows up in finite time, meaning global 
existence fails. Partial differential equations involving variable exponents naturally appear in various 
fields of science and engineering. Typical applications include elasticity theory, flow in porous media, 
electrorheological (ER) fluids, and image processing. Equations with viscoelastic terms play an 
important role in material science. While a perfectly elastic material can store mechanical energy without 
dissipation, a viscoelastic material cannot return to its original shape once the external force is removed. 
This behavior significantly affects the evolution of the solution due to energy dissipation and irreversible 
deformation. In 1975, Bialynicki-Birula and Mycielski proposed a nonlinear Schrödinger equation with 
a logarithmic nonlinearity in order to provide a consistent framework for the transition from microscopic 
to macroscopic phenomena in quantum theory. Since then, equations with logarithmic source terms have 
emerged in various areas of physics such as atomic physics, quantum mechanics, nuclear physics, 
inflationary cosmology, optics, and supersymmetric field theories. Furthermore, higher-order partial 
differential equations arise in many mathematical models across disciplines such as fluid dynamics, 
mechanics, electromagnetism, biology, and image analysis. 

Keywords: Blow-up, higher-order equation, logarithmic source, variable exponents, wave equation 
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Abstract 

This study presents a comprehensive comparative analysis of three methodologies—Runge-Kutta 
fourth-order (RK4), multiplicative Runge-Kutta (MRK4), and Multilayer Perceptron (MLP)—for 
predicting outcomes in a diabetes model. The predictive performance of each technique is rigorously 
evaluated in terms of accuracy and reliability, particularly in modeling the complex dynamics of diabetic 
systems. RK4 and MRK4 serve as established numerical approaches, while MLP represents a modern 
deep learning-based framework. The study assesses each method using performance metrics such as 
mean squared error (MSE) and mean absolute percentage error (MAPE). Through detailed analysis, the 
strengths and limitations of each approach are highlighted, offering insights into their effectiveness in 
capturing underlying patterns within diabetes data. This comparative investigation enhances 
understanding of the suitability of both classical numerical and deep learning methods for diabetes 
prediction, thereby contributing to the advancement of healthcare modeling and predictive analytics. 

Keywords: Deep learning, Runge-Kutta method, multiplicative calculus 
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Abstract 

In this presentation, we investigate the blow-up at infinity of solutions to certain classes of nonlinear 
parabolic partial differential equations, namely the parabolic m-Laplacian and Kirchhoff-type equations. 
These equations are of significant interest in the modeling of various nonlinear diffusion phenomena 
where classical linear operators are insufficient. The m-Laplacian operator, given by 

𝑑𝑑𝑑𝑑𝑑𝑑(|∇𝑢𝑢|𝑚𝑚−2∇𝑢𝑢), 
generalizes the standard Laplacian and appears in problems such as non-Newtonian fluid flows, porous 
medium dynamics, and nonlinear heat conduction. The Kirchhoff-type equations, on the other hand, 
incorporate nonlocal effects by allowing the diffusion coefficient to depend on the global energy norm 
of the solution. A typical form involves a term like 

𝑀𝑀(‖∇𝑢𝑢‖2)∆𝑢𝑢, 
which models phenomena where the material's response depends on the average strain or energy, such 
as in the vibration of elastic strings or membranes. These equations are thus nonlocal and nonlinear, 
presenting substantial analytical challenges. The central focus of this work is to determine under what 
conditions the solutions of such equations exhibit blow-up at infinity, meaning that as the spatial variable 
tends to infinity, the solution becomes unbounded.  

Keywords: m-Laplacian, Kirchhoff-term, blow up at infinity 
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Özlem Akarçay Pervin1, Nimet Yapici Pehlivan2  

1 Vocational School of Commerce and Industry, KTO Karatay University, Konya, Türkiye 
2 Department of Statistics, Science Faculty, Selcuk University, Konya, Türkiye 

Abstract 

This study presents a comprehensive multi-criteria decision-making (MCDM)-based evaluation of 
various machine learning (ML) algorithms, integrating SMOTE resampling and feature selection 
techniques, for the classification of the UCI Heart Disease Cleveland dataset. Relevant features are 
determined using feature selection methods, i.e., LASSO, Elastic Net, Particle Swarm Optimization 
(PSO), and Artificial Bee Colony (ABC). Subsequently, several ML algorithms, including K-Nearest 
Neighbors (KNN), Support Vector Machine (SVM), Decision Tree (DT), Random Forest (RF), Logistic 
Regression (LR), XGBoost, AdaBoost, and Naïve Bayes (NB), are applied to predict heart disease 
status. Model performances are assessed through multiple evaluation metrics such as accuracy, 
precision, recall, F-score, normalized Matthews Correlation Coefficient (n-MCC), and the Area Under 
the ROC Curve (AUC). The algorithms are ranked using integrated MCDM techniques combined with 
the BORDA Count method. Results reveal that RF with SMOTE achieved the highest accuracy (0.90), 
precision (0.89), recall (0.90), F-score (0.90), and n-MCC (0.93), while RF with SMOTE and Elastic 
Net + RF with SMOTE achieved the highest AUC (0.98). The top three models—RF + SMOTE, XGB 
+ SMOTE, and Elastic Net + RF + SMOTE—demonstrated that SMOTE-based resampling significantly 
enhances classification performance in addressing class imbalance in heart disease prediction. 

Keywords: Heart disease, feature selection, LASSO, ElasticNet, metaheuristic algorithms, machine 
learning algorithms, performance metrics, multi-criteria decision making, BORDA count method 
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Abstract 

COVID-19 stands as one of the most significant global health emergencies, exposing critical structural 
weaknesses and underlying population health disparities. Fatality rates differ markedly between 
countries, reflecting variations in chronic disease prevalence and overall health profiles. This study 
examines Population-Level Health Vulnerability Indicators, a composite measure that incorporates age-
standardized mortality from high systolic blood pressure, smoking, alcohol consumption, high body-
mass index, chronic respiratory diseases, and neoplasms, alongside health-adjusted life expectancy 
(HALE). Data from 187 countries across six continents are analyzed, with continents treated as random 
intercepts to account for regional clustering. To investigate these relationships in this study, Cumulative 
Link Model (CLM) and Cumulative Link Mixed Models (CLMM) with logit, probit, complementary 
log-log, Aranda-Ordaz, and log-gamma link functions are used for ordinal response variables to 
investigate the relationships between COVID-19 pandemic and high systolic blood pressure, smoking, 
alcohol use, high body-mass index, chronic respiratory diseases, neoplasms, and HALE using the 
Akaike Information Criterion (AIC), with the log-gamma link providing the best model fit with 
AIC=343.971. Threshold estimates revealed clear separations between quartiles, with the uppermost 
(3|4) transition indicating that reaching the highest fatality category involves multiple, reinforcing risk 
factors. Exponentiated coefficients demonstrated strong associations for health-adjusted life expectancy 
exp(2.2863)=9.8386, alcohol use exp(0.5906)=1.8050, and high systolic blood pressure 
exp(1.0294)=2.7993 with higher fatality quartiles. 

Keywords: Cumulative link (mixed) model, COVID-19 Pandemic, High systolic blood pressure, 
smoking, Alcohol consumption, High-body-mass index, Chronic respiratory diseases, Neoplasms. 
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Abstract 

This study proposes a novel data transformation method aimed at mitigating the performance 
degradation often observed in classification tasks involving imbalanced datasets. Instead of using raw 
data directly, the method restructures the input space in a way that better preserves class-discriminative 
patterns. To achieve this, the data is partitioned into localized subregions, and within each subregion, 
class-relevant information is maintained before feeding the transformed samples into the classifiers. To 
address the challenges posed by class imbalance, the well-known SMOTE (Synthetic Minority Over-
sampling Technique) is applied as a preprocessing step, enriching the representation of minority class 
instances and improving the model's ability to generalize. The performance of the proposed approach is 
evaluated using key metrics such as accuracy, F1 score, sensitivity, and specificity across multiple 
datasets and classification algorithms (e.g., Random Forest, SVM, MLP). The results indicate that the 
proposed method is not only robust to imbalanced class distributions but also enhances the overall 
efficiency of classification by reducing computational time and memory usage, thereby making the 
classification process more resource-efficient. Furthermore, since the transformation is applied solely at 
the data level, it can be seamlessly integrated into existing machine learning workflows without 
requiring modifications to the underlying classification models. This makes the method a practical and 
scalable preprocessing strategy suitable for both academic research and real-world applications. 

Keywords: Data transformation, classification, class imbalance, SMOTE, subregion partitioning 

References 

[1] Bengio, Y., Courville, A., & Vincent, P. (2013). Representation learning: A review and new 
perspectives. IEEE Transactions on Pattern Analysis and Machine Intelligence, 35(8), 1798–
1828. 

[2] Hosmer, D. W., Lemeshow, S., & Sturdivant, R. X. (2013). Applied logistic regression (Vol. 
398). John Wiley & Sons. 

[3] Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5–32. 
[4] Aggarwal, C. C., Hinneburg, A., & Keim, D. A. (2001). On the surprising behavior of distance 

metrics in high dimensional space. In International Conference on Database Theory (pp. 420–
434). Springer. 

 Corresponding Author Email: yguldogan@beu.edu.tr 

https://icmads.org/


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   150 

Fractional Treatment of a Pendulum Attached to a Vibrating 
Point 

Jihad Asad1, Dumitru Baleanu2,3, Ozlem Defterli4, Amin Jajarmi5 

1 Palestine Technical University, Faculty of Applied Sciences, Department of Physics, Tulkarm, Palestine 
2 Lebanese American University, Department of Computer Science and Mathematics, Beirut, Lebanon 
3 Institute of Space Sciences, Magurele, Bucharest, Romania 
4 Cankaya University, Faculty of Arts and Sciences, Department of Mathematics Ankara, Türkiye 
5 Department of Electrical Engineering, University of Bojnord, Bojnord, Iran 

Abstract 

A simple pendulum, whose pivot point undergoes vertical oscillations governed by a harmonic function 
defined by a specific amplitude and angular frequency, has been considered [1]. The pivot is assumed 
to oscillate according to the relation: 
                                                                         𝑃𝑃 = 𝑃𝑃0𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.         (1) 
In this paper, the fractional dynamics of the suggested simple pendulum are investigated. Firstly, we 
study the system using the classically known Lagrangian techniques and obtain its equation of motion. 
Secondly, the corresponding fractional Euler-Lagrange equation of the system is derived having the 
form: 

                           𝐷𝐷𝑡𝑡𝐶𝐶 𝑏𝑏
𝛼𝛼 𝐷𝐷𝑎𝑎𝐶𝐶 𝑡𝑡

𝛼𝛼𝜃𝜃 − 𝒫𝒫𝑜𝑜𝑊𝑊
ℓ

𝐷𝐷𝑡𝑡𝐶𝐶 𝑏𝑏
𝛼𝛼𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃𝜃 − 𝒫𝒫𝑜𝑜𝑊𝑊

ℓ
( 𝐷𝐷𝑎𝑎𝐶𝐶 𝑡𝑡

𝛼𝛼𝜃𝜃)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝜔𝜔𝑜𝑜2𝜃𝜃 = 0.                             (2) 

Finally, the numerical results of the system are obtained using the fractional predictor-corrector method 
[2, 3] and simulated for different values of the model parameters, such as l and m, as well as the order 
of the fractional derivative in use. Finally, many plots have been introduced and discussed via the 
fractional order. 

Keywords: Fractional Euler-Lagrange formulation, simple pendulum, oscillating pivot, numerical 
approximation. 
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Abstract 

Surface roughness plays a critical role in boundary-layer flows by modifying near-wall transport and 
stability, making accurate modelling essential [1,2]. This study examines the effect of weak sinusoidal 
surface roughness on axisymmetric flow over a rotating disk. Unlike conventional coordinate 
transformation methods (e.g., the YHP model) altering the structure of the governing equations [2], this 
approach retains their original form by applying a small-amplitude perturbation directly to the boundary 
conditions on a flat wall. It employs an innovative perturbation approach based on a small-amplitude 
Taylor series expansion applied solely to the boundary conditions on the flat surface. This perturbation 
formulation yields a linear system that facilitates systematic analysis of roughness impacts on velocity 
and temperature fields. By focusing on boundary perturbations, the method reduces analytical and 
numerical complexity, enables direct similarity reductions, and enhances computational efficiency. The 
results establish that this perturbation framework provides a reliable and efficient tool for analysing low-
amplitude roughness effects in fluid dynamics. 

Keywords: Perturbation analysis, surface roughness, rotating disk flow, fluid mechanics, YHP model 
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Abstract 

In this talk, we consider a class of ideals in noncommutative rings, namely principally 1-absorbing right 
primary ideals (P1ARP ideals), which arise in the broader context of radical theory and absorbing 
structures. In noncommutative rings, the radical of an ideal is uniquely determined by a special radical, 
and within this framework, a related substructure—called the pseudo radical—plays an important role. 
Introduced by Birkenmeier [1], the pseudo radical lies inside the radical and exhibits similar behavior. 
Building on this concept, we investigate the relationship between pseudo radicals and 1-absorbing prime 
ideals [2]. In particular, we focus on the properties and structure of P1ARP ideals [3], providing 
illustrative examples and establishing several foundational results in the noncommutative setting. 

Keywords: Noncommutative rings, 1-absorbing right primary ideals, pseudo-radical  
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Abstract 

The numerical methods for solving mathematical and engineering problems generally use floating point 
arithmetic to show the results and the accuracy can be checked using the traditional absolute error or the 
difference between two successive approximations, which both depend on a tolerance value like \epsilon 
on their right-hand side. But in real-life problems we do not have an exact solution, as well as we do not 
know the optimal tolerance value. This means that for small \epsilon we will have many iterations/steps 
of numerical methods without improving the accuracy and for large \epsilon we will not have enough 
accurate results. Also, we do not know the optimal step/iteration of numerical methods for solving 
problems. Because of these gaps in this study, we want to apply the CESTAC (Controle et Estimation 
Stochastique des Arrondis de Calculus) method and the CADNA (Control of Accuracy and Debugging 
for Numerical Applications) library which are based on stochastic arithmetic to control the accuracy and 
error in numerical methods. The aim of this study is to apply CESTAC-CADNA to validate the 
numerical methods for solving the first and second kinds of Volterra integral equations with 
discontinuous kernel which are among the ill-posed problems. The importance of solving these problems 
comes from their applications in predicting the leveling of the load of batteries in energy systems. For 
this aim, we applied the collocation method with Taylor and Lagrange polynomials. Applying the 
CESTAC method and the CADNA library we try to control the accuracy, error and step of methods. 
CADNA is the library which should be run on LINUX operating system, and the codes must be written 
by C/C++/FORTRAN/ADA codes. Using this strategy, we will be able to find optimal approximation, 
optimal error and optimal step of methods for solving the problems. 

Keywords: Volterra integral equation, collocation, CESTAC-CADNA 
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Abstract 

This study investigates new analytical solutions for the nonlinear new fractional extended (2+1)-
dimensional Boussinesq (Bo) equation. The Bo equation is a significant evolution equation used to 
model various nonlinear phenomena, including optical communication, sound waves in plasma, shock 
waves, tsunami wave propagation, and applications in coastal and ocean engineering, fluid mechanics, 
and hydrodynamics. By employing advanced solution frameworks, including the enhanced modified 
extended tanh-expansion method and the new Kudryashov method, this study has yielded numerous and 
diverse exact solutions for the Bo equation. Some of these solutions have been analyzed in terms of their 
soliton structures, resulting in various types of solitons, including dark, bright, dark-bright, singular, 
periodic, combo, and lump solitons. Additionally, to investigate the physical behavior of specific 
solutions, visual analyses were carried out using 3D, 2D, and contour plots. 

Keywords: Extended (2+1)-dimensional Boussinesq equation, the enhanced modified extended tanh-
expansion method, new Kudryashov method, soliton dynamics, conformable derivative 
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Graphs both Locally Laplacian Equienergetic and Laplacian 
Equienergetic 
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Abstract 

Adjacency matrix A = (a_ij) of a graph has a_ij = 1 if there exist an edge between vertices i and j, 
otherwise a_ij = 0. It is interesting to study graphs whose adjacency matrix have the same eigenvalues. 
This is a subject in graph spectral theory, see one of the early monographs [1]. There are some graphs 
having different spectra but equal sum of absolute values of the difference between eigenvalues and 
average value of its eigenvalues, which are called as equienergetic graphs. On the other hand, Laplacian 
matrix L of a graph, L = D - A, has also been studied by many researchers, where D is a diagonal matrix 
consisting of degrees of the vertices in terms of Laplacian eigenvalue, spectra, energy of a graph, see 
[2,3]. The local Laplacian energy at vertex v is defined as the difference in Laplacian energy due to the 
removal of v [4]. In addition, their sum at all vertices is called the local Laplacian energy of the graph. 
Examples of locally equienergetic graphs coming from adjacency matrix are illustrated and studied in 
[5]. In this work, we study graphs which are locally Laplacian equienergetic and Laplacian equienergetic 
at the same time. We present their properties and their exhaustive list upto order 8. 
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Abstract 

Commutators play a crucial role in various branches of mathematics, physics, and quantum physics, as 
well as quantum chemistry. Studies in the field of matrix commutators have recently concentrated on 
the norms of matrix commutators after the works of Böttcher and Wenzel [1,2]. Moreover, the 
calculation of matrix functions has been one of the most challenging problems in linear algebra. 
Different methods have been proposed for the calculation of matrix exponential, trigonometric and 
hyperbolic functions. Studies have also been conducted to compute the matrix functions of some special 
matrices. The (additive) commutator of two complex matrices 𝐴𝐴,𝐵𝐵 ∈ 𝑀𝑀𝑛𝑛(ℂ) is defined as [𝐴𝐴,𝐵𝐵] =
𝐴𝐴𝐴𝐴 − 𝐵𝐵𝐵𝐵. Also, an 𝑛𝑛 × 𝑛𝑛 real matrix 𝐴𝐴 is called positive reciprocal [4] provided that  𝑎𝑎𝑖𝑖𝑖𝑖 > 0  and 𝑎𝑎𝑖𝑖𝑖𝑖 =
1/𝑎𝑎𝑗𝑗𝑗𝑗 for all 𝑖𝑖, 𝑗𝑗 = 1, … ,𝑛𝑛. This article concerns with commutators that involve functions of positive 
reciprocal matrices. Identities are derived for commutators involving trigonometric, hyperbolic and 
exponential matrix functions of positive reciprocal matrices. Additionally, upper bounds for the 
Frobenius norms of these commutators are obtained. First, a generalization for exponential functions of 
positive reciprocal matrices is obtained. The relationship between the generalization we obtained for the 
exponential functions of positive reciprocal matrices and the generalization given in the literature for 
the exponential functions of 𝐽𝐽𝑛𝑛 matrices [3] is mentioned, where 𝐽𝐽𝑛𝑛 is an 𝑛𝑛 × 𝑛𝑛 order matrix with every 
entry equal to one.  Then, identities are derived for commutators containing exponential, trigonometric 
and hyperbolic functions of positive reciprocal matrices. Upper bounds for the Frobenius norms of these 
commutators are obtained and these bounds are compared with numerical examples. 
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Abstract 

The literature shows that numerous spectral properties of Sturm–Liouville operators have been 
investigated within the context of quadratic pencils of Schrödinger operators, which are addressed in 
this talk in their impulsive form. Relevant theorems and results concerning quadratic pencils of 
Schrödinger operators on both the half-line and the entire real axis can be found in [1, 2, 4]. In [3], 
spectral properties of operator generated by quadratic pencil of Schrödinger equation 

−𝑦𝑦′′ +  [𝑞𝑞(𝑥𝑥) +  2𝜇𝜇𝜇𝜇(𝑥𝑥) −  𝜇𝜇2]𝑦𝑦 =  0, 𝑥𝑥 ∈  ℝ+ = : [0,∞) \ {𝑘𝑘} 
and boundary condition 

𝑦𝑦(0)  =  0 
is investigated under impulsive conditions. 

�𝑦𝑦(𝑘𝑘+)
𝑦𝑦′(𝑘𝑘+)� = 𝑇𝑇 �

𝑦𝑦(𝑘𝑘−)
𝑦𝑦′(𝑘𝑘−)� ,      𝑇𝑇 = �

𝛾𝛾1 𝛾𝛾2
𝛾𝛾3 𝛾𝛾4�, 

presenting the Jost solutions, asymptotic behaviors, and the resolvent. It also addresses the eigenvalues 
and spectral singularities in terms of their finiteness and multiplicity under certain conditions. The main 
goal of this presentation is to introduce the scattering solutions and the Jost solution of the similar 
impulsive operator. Subsequently, the scattering function is presented and several of its properties are 
established. Finally, the presentation is concluded with a specific example. 
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Abstract 

In applied mathematics, many real-world processes are modeled using differential equations, typically 
through initial or boundary value problems. However, not all processes evolve smoothly—sudden and 
brief changes, known as impulse effects, may occur in systems such as physical, biological, or 
engineering processes. These effects, although short in duration, can significantly alter the system's 
behavior and are modeled using impulsive differential equations [1]. Such models have found 
applications in fields like physics, ecology, and control theory. In recent years, increasing attention has 
been given to spectral problems of impulsive equations, especially in the context of quantum mechanics. 
One central operator in this setting is the one-dimensional Schrödinger operator, defined by a second-
order differential equation and studied extensively in the Hilbert space 𝐿𝐿2(0, ∞). These operators form 
the foundation for many quantum models, especially when combined with impulsive effects that 
introduce discontinuities into the system. So far, spectral and scattering theory of various operators, even 
matrix valued operators have been studied with general boundary conditions. To be more specific, the 
operators generated in 𝐿𝐿2(ℝ; 𝑆𝑆) by the matrix Schrödinger equation 

−𝑌𝑌′′ + 𝑄𝑄(𝑥𝑥)𝑌𝑌 = 𝜆𝜆2𝑌𝑌, −∞ < 𝑥𝑥 < ∞  
were investigated on self-adjoint or non-self-adjoint cases without impulse effects [2,3]. This 
presentation focuses on the analysis of a matrix-valued Schrödinger equation featuring an impulse at a 
single point on the half-line. Initially, key spectral concepts and foundational results related to matrix-
valued Sturm–Liouville equations without impulses are reviewed. Building upon this background, the 
core findings are presented, including the construction of the Jost solution, the definition of the scattering 
function, and the formulation of the resolvent operator. Additionally, the study explores the conditions 
under which spectral singularities and eigenvalues arise in the impulsive operator associated with the 
equation [4]. 

Keywords: Impulsive equation, matrix operator, Jost solution, scattering function 
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Abstract 

Let 𝑆𝑆 be an 𝑛𝑛-dimensional Euclidian space with 𝑛𝑛 < ∞, and let 𝐿𝐿2(ℝ; 𝑆𝑆) denote the Hilbert space of all 
𝑆𝑆-valued functions 𝑓𝑓 defined on ℝ such that 

‖𝑓𝑓‖2 = �‖𝑓𝑓(𝑥𝑥)‖𝑆𝑆
2𝑑𝑑𝑑𝑑 < ∞.

∞

−∞

                            

Let 𝐿𝐿 be the operator generated in 𝐿𝐿2(ℝ; 𝑆𝑆) by the matrix Schrödinger equation 

−𝑌𝑌′′ + 𝑄𝑄(𝑥𝑥)𝑌𝑌 = 𝜆𝜆2𝑌𝑌, −∞ < 𝑥𝑥 < ∞,     
where 𝑄𝑄(𝑥𝑥) is a matrix-valued potential function that is not necessarily self-adjoint, i.e., 

𝑄𝑄(𝑥𝑥) ≠ 𝑄𝑄∗(𝑥𝑥), 
and 𝜆𝜆 is a spectral parameter. The operator 𝐿𝐿,  called the matrix Sturm-Liouville operator, is therefore 
non-self-adjoint [1]. In this study, the asymptotic and analytical properties of the Jost function associated 
with this equation are investigated in detail [2]. The resolvent operator of 𝐿𝐿 is explicitly derived, and the 
analytic continuation methods are employed to explore the spectral structure of 𝐿𝐿. A related investigation 
restricted to the half-line was conducted in [3]. Furthermore, the eigenvalues and spectral singularities 
of 𝐿𝐿 are studied using tools from complex function theory, particularly uniqueness theorems for analytic 
functions. It has been proven that, under certain conditions, operator 𝐿𝐿 admits only finitely many 
eigenvalues and spectral singularities, each of which has finite multiplicity. 
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Abstract 

The spectral analysis of second-order matrix-valued difference equations admitting polynomial-type 
Jost solutions was initially introduced by Aygar and Bairamov, whose work was conducted on the semi-
infinite interval. In their approach, the construction and analysis of Jost-type solutions played a key role 
in understanding the spectral behavior of such systems [1,2]. Such results are extended and generalized 
to the entire real axis in [3] which constitutes the main focus of this presentation. Within this framework, 
polynomial-type Jost solutions for a second-order matrix self-adjoint difference equation are explicitly 
constructed on the whole axis. These solutions are then subjected to a thorough examination in terms of 
their analytical structure and long-term asymptotic behavior. Special emphasis is placed on their decay 
properties, which are essential for the spectral analysis of the associated operator. Subsequently, the 
spectral properties of the self-adjoint operator, generated by a second-order matrix-valued difference 
expression, are rigorously investigated [4]. In particular, both the continuous spectrum and the discrete 
spectrum (point spectrum) of the operator are studied in detail. The relationship between the Jost 
solutions and the spectral characteristic of the operator is carefully analyzed. As a significant outcome 
of the study, it is demonstrated that the operator admits only a finite number of real eigenvalues, and the 
rest of its spectrum is purely continuous. These results contribute to a deeper understanding of matrix-
valued discrete systems and provide a foundation for further spectral and scattering-theoretic 
investigations in the context of difference operators. 
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Abstract 

Epilepsy stands as a neurological illness which affects numerous people across the globe through 
random and recurring seizures. The non-invasive technique of neurostimulation presents a valuable 
treatment option for patients who do not respond to conventional drug therapies. The present research 
uses electroencephalogram (EEG) signals to predict epileptic seizures by analyzing multiple dimensions 
of this data. Machine learning algorithms work to foresee seizure events through their ability to 
understand the complex and changing patterns of EEG signals. The predictive outputs from this process 
lead to automatic adjustments of neurostimulation parameters which become tailored to each patient's 
unique profile. The method achieves better stimulation results with reduced power usage and fewer 
adverse effects. This method establishes a future approach which bases epilepsy treatment on 
personalized data analysis.   

Keywords: Fractional derivative, model predictive control (MPC), EEG signal 
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Abstract 

Epilepsy is a global health issue as a chronic neurological disorder affecting millions and is defined by 
the recurrent seizures stemming from paroxysmal discharges of neurons in the brain. Although the 
majority of epileptic seizures can be managed with medication treatment, there is a considerable portion 
of patients who are classified as refractory and need other forms of treatment. One of the promising, 
non-invasive forms of treatment is electrical neurostimulation. The neurostimulator's effectiveness is 
directly dependent upon the accuracy of seizure detection and the neurostimulation parameters: 
intensity, dose, and length of exposure. Monitoring braine with electroencephalogram (EEG) signals is 
a primary source of data in the detection of epileptic activity. EEG signals, however, pose a lot of 
challenges for traditional linear control models due to their complex, nonlinear, and uncertain 
characteristics. Because seizures are typically sudden and lack a clearly defined onset, command 
strategies need to be non-expressive. This study aims to use EEG data to derive a fractional differential 
equation of the Caputo type to model the dynamic behavior of epileptic seizure. This is incorporated in 
the fractional-order model predictive control (FO-MPC) to forecast the next seizure danger and manage 
the stimulation parameters.   

Keywords: Fractional derivative, model predictive control (MPC), EEG signal 
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Abstract 

In this study, we use a newly developed method called the ( )1m G+ ′
- expansion and enhanced modified 

extended tan function method (EMETFM) to explore the complex cubic nonlinear Schrodinger equation 
with delta potential. Various types of soliton solution which include the singular soliton solutions, 
periodic, kink, anti-kink, peakon, dark and bright solitons are obtained. All obtained results were back 
substituted into the original equation with the help of Mathematica software to ensure the accuracy and 
robustness of the adopted methods. 3D, contour and 2D graphs for some of the obtained results were 
provided by choosing suitable values for the parameters involved.   

Keywords: ( )1m G+ ′
-expansion method, EMETFM, Complex Schrödinger equation with a delta 

potential 
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Abstract 

In this work, the (3+1) dimensional integrable Kadomtsev-Petviashvili equation (KP) and the 
generalized Broer-Kaup-Kupershmidt (BKK) system are reduced to ordinary differential equations 
through appropriate wave transformations. These transformations play a key role in simplifying 
nonlinear partial differential equations and analyzing the behavior of their solutions. The newly 
developed Kudryashov method is then applied to the reduced equations to obtain wave solutions. By 
assigning suitable values to the constants in the solutions, two-dimensional and three-dimensional plots 
are generated using a software program. These graphical representations provide valuable insights into 
the propagation and dynamics of the wave structures. The resulting solutions are classified as bright and 
singular solitons.  
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Abstract 

Kaniadakis calculus attracts significant attention and is studied by many researchers. This mathematical 
framework is constructed by using a modified version of the classical exponential function, which is 
known as the 𝜅𝜅-deformed exponential function: 

exp𝜅𝜅(𝑡𝑡) = ��1 + 𝜅𝜅2𝑡𝑡2 + 𝜅𝜅𝜅𝜅�
1 𝜅𝜅�

, 

where the deformation parameter 𝜅𝜅 is a real number that satisfies the condition 0 ≤ 𝜅𝜅 < 1. The 𝜅𝜅-
exponential function provides generalization of the classical exponential function introduced by Euler. 
In fact, it forms a one-parameter family of functions that gradually deforms the standard exponential 
structure as the value of 𝜅𝜅 increases. When 𝜅𝜅 approaches zero, this function reduces to the classical 
exponential function. This one-parameter deformation gives rise to a new type of calculus, known as 
Kaniadakis calculus, which extends many tools and concepts from traditional mathematical analysis. In 
this study, we introduce and define the generating function of the Kaniadakis (𝜅𝜅-) Bernstein 
polynomials. We also explore and present several basic and important properties of these polynomials. 
In addition, we discuss various relations connected to them. The results we obtain include clear and 
explicit formulas, as well as different types of summation formulas. 
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Abstract 

Mathematical models are often formulated using nonlinear differential equation systems that provide a 
continuous-time framework to capture complex interactions within populations. However, such models 
can also be constructed using difference equations to better fit discrete data and periodic processes [1]. 
Real-world epidemiological data are often collected at discrete time points, making discrete models 
essential for more accurate analysis and prediction. Discrete models better capture periodic demographic 
and disease-related changes and offer computational advantages for performing numerical simulations. 
In recent years, monkeypox (Mpox) has been one of the most important infectious diseases affecting 
global public health. Numerous studies have applied mathematical modeling approaches to address the 
dynamics and control of Mpox epidemics [3,4]. To best of our knowledge, discrete-time mathematical 
models specifically addressing the transmission dynamics of Mpox are not abundant in existing 
literature. This gap motivates the development of discrete models that more accurately reflect data 
collection methods and disease progression models. In this talk, an NSFD scheme will be developed for 
a mathematical model of Mpox transmission [2]. Fundamental properties such as positivity and 
boundedness of the solutions will be studied meticulously to ensure biological feasibility. Moreover, 
stability analysis will be performed by determining the equilibrium points and their stability behaviors. 
Theoretical findings will be complemented with numerical examples, and simulation results will show 
the advantages of the proposed scheme over standard discretization methods, highlighting its potential 
for practical epidemiological applications.  

Keywords: Monkeypox model, discretization, NSFD scheme, stability 

References 

[1] Martcheva, M. (2015). An introduction to mathematical epidemiology. Springer: New York. 
[2] Mickens, R. E. (2020). Nonstandard finite difference schemes: methodology and applications. 

World Scientific: Singapore. 
[3] Gümüş, M., & Türk, K. (2025). Global analysis of a monkeypox virus model considering 

government interventions. Physica Scripta, 100(4), 045216. 
[4] Somma, S. A., Akinwande, N. I., & Chado, U. D. (2019). A mathematical model of monkey pox 

virus transmission dynamics. Ife Journal of Science, 21(1), 195-204. 

 Corresponding Author Email: kemalturk@beun.edu.tr 

https://icmads.org/
mailto:kemalturk@beun.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   167 

Holt-Winters Parameter Optimization Using an Improved 
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Forecasting in Türkiye 
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Abstract 

Energy is a key indicator of economic strength. As a rapidly growing economy, Türkiye’s rising energy 
demand reflects its development. Effective energy planning is vital for sustainability and long-term 
economic stability. Therefore, forecasting studies are essential for Türkiye’s growth. Therefore, studies 
on Türkiye's energy planning and forecasting are of critical importance for the country's social and 
economic development [1,2]. In this study, data from the Turkish Statistical Institute on Türkiye's total 
electricity production (GWh) from 1970 to 2023 were used. The Holt-Winters method is a widely used 
forecasting model for time series data and is particularly noted for its ability to handle trend and 
seasonal components. This method decomposes a time series into three components level, trend, and 
seasonality and uses these components to make future forecasts. An optimization problem was 
addressed for the Holt-Winters Triple Exponential Smoothing method [4]. The model parameters were 
optimized using an improved Water Cycle Algorithm (WCA) in such a way that the Mean Absolute 
Percentage Error (MAPE) was minimized. The Water Cycle Algorithm (WCA) is a metaheuristic 
optimization technique inspired by the natural water cycle process. The algorithm mimics natural 
processes such as evaporation, condensation in clouds, rainfall, and the flow between rivers and seas 
[3]. Differential Evolution (DE) is an optimization method belonging to the family of evolutionary 
algorithms. Its core principle is to generate new solutions by leveraging the differences among solution 
vectors in the population [5]. Particle Swarm Optimization (PSO) is an optimization algorithm based 
on swarm intelligence [6]. The optimization performance of the WCA algorithm was compared with 
the Differential Evolution (DE) and Particle Swarm Optimization (PSO) methods. 

Keywords: Türkiye energy production, forecasting, Holt-Winters method, optimization, water cycle 
algorithm, differential evolution and particle swarm optimization 
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Abstract 

Observation of on-screen attention is fundamental to human-computer interaction research, yet 
affordable, ready-to-deploy tools remain scarce. We present a reproducible pipeline that turns any laptop 
with an off-the-shelf webcam into a standalone attention analytics platform. Running at ≈30 frames per 
second, the system executes fully on the CPU, and no eye tracker, GPU, or network link is required. 
MediaPipe FaceMesh yields 468 three-dimensional landmarks, including six iris points, in ≈10 ms per 
frame. Six eyelid landmarks drive the eye-aspect ratio (EAR); EAR < 0.21 flags an eye closure, and a 
closure > 400 ms signals drowsiness. A geometric model joins eye corners to the iris centre to form a 
normalised gaze vector; five-frame smoothing stabilises the vector, and yaw/pitch angles locate the 
user’s point of regard. When both angles remain inside ±15° for ≥1 s (30 frames), the interval is labelled 
Focused; if gaze stays outside that cone for ≥0.5 s (15 frames), the label switches to Distracted. Each 
frame’s state, EAR, yaw, and pitch are logged; on exit, the script computes focus ratio, mean blink 
duration, gaze dispersion, and renders an annotated timeline plot. In a ten-minute pilot on a mid-range 
laptop, the programme sustained 28–32 FPS, achieved a 72 % focus ratio, and recorded 5.8° gaze 
dispersion, confirming real-time viability. Applications range from usability testing and remote-learning 
analytics to productivity coaching and wellness dashboards. Researchers can clone the 200-line Python 
file, adjust thresholds, and extend it with machine-learning modules without changing hardware. 
Planned enhancements include ground-truth video annotation, NASA-TLX workload surveys, federated 
fine-tuning for personalised thresholds, and adaptive interface feedback driven by real-time attention 
cues. 
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interaction, real-time feedback 
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Bifurcation and Chaos in a Discretized Predator-Prey System 
via NSFD Scheme 
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Abstract 

This study explores the dynamic behaviour of a discrete-time predator-prey model constructed using a 
nonstandard finite difference (NSFD) scheme. A thorough analytical investigation reveals the presence 
of a Neimark–Sacker bifurcation near the system’s unique positive fixed point. To suppress the resulting 
chaotic oscillations, control strategies based on the Ott–Grebogi–Yorke (OGY) method and state 
feedback are implemented. The validity of the theoretical findings is confirmed through numerical 
simulations. 
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Abstract 

In this work, we include the Kairat-II and Kairat-X models, two crucial mathematical models for 
explaining nonlinear dispersive wave phenomena, in an extended class of nonlinear partial differential 
equations. As they concisely describe the interplay between dispersion and nonlinearity that controls 
solitary wave propagation in various systems, such as shallow water waves, plasma physics, and 
nonlinear optics, the underlying equations possess a complex mathematical structure and substantial 
physical significance. The governing nonlinear partial differential equation (NLPDE) is converted to an 
ordinary differential equation (ODE) by using a traveling-wave transformation, which enables a 
thorough examination of its solution space. We employ the extended modified auxiliary equation 
mapping method (EMAEM) to extract various families of exact soliton solutions, including rational, 
trigonometric, and hyperbolic profiles, thereby obtaining explicit solutions. The resulting solutions 
exhibit solitary structures and localized waveforms that are indicative of physically significant 
phenomena, such as periodic structures, kink-type waves, and stable traveling pulses. These results 
expand the theoretical toolkit of precise solutions for Kairat-type models, establish benchmarks for 
numerical simulations, and shed important light on real-world applications, particularly in simulating 
nonlinear wave propagation, stability, and energy transport. All obtained solutions are verified for their 
validity by using the Maple software program. 

Keywords: Kairat-II-X equation, NLPDEs, soliton solutions, extended modified auxiliary equation 
mapping method, analytical solutions, nonlinear wave dynamics 
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Abstract 

This paper studies the analytical and dynamical behavior of a generalized (3+1)-dimensional extended 
Kadomtsev–Petviashvili (eKP) equation, which includes higher-order nonlinear and dispersive effects. 
Using the exp(−ϕ(ξ))-expansion method, exact traveling wave solutions are obtained successfully. The 
solutions present rich nonlinear wave structures, such as localized solitons, periodic waves, and 
breathing patterns. To explore the qualitative behavior of the system further, a reduction of traveling 
waves is used, resulting in a planar dynamical system. A bifurcation analysis is carried out in detail by 
investigating the equilibrium points, Jacobian structures, and their relations to system parameters. The 
phase portraits show topological transitions like centers, saddles, and cusp points. Moreover, a perturbed 
form of the reduced system is considered in order to investigate chaotic dynamics under periodic external 
forcing. The existence of chaos is verified using bifurcation diagrams, sensitivity analysis, Poincaré 
maps, time series, and both 2D and 3D phase portraits. These numerical simulations confirm the 
theoretical predictions and demonstrate the complicated behavior of the system for varying perturbation 
parameters. Overall, the outcomes present a full picture regarding the soliton structures and chaotic 
regimes that are the extended KP model may hold for the physico-nonlinear wave propagation in 
multidimensional contexts. 

Keywords: Extended Kadomtsev–Petviashvili equation, m-gerfm, exact soliton solutions, bifurcation 
analysis, chaotic dynamics, sensitivity analysis, Poincaré map, time series, numerical simulation 
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Abstract 

Recently, q-extensions of several central special numbers and polynomials, such as the q-central 
factorial numbers and polynomials of the second kind, the trivariate central q-Bell numbers and 
polynomials, and the type 2 q-Bernoulli numbers and polynomials, have been considered, and some of 
their properties, formulae, and applications have been thoroughly investigated utilizing the content of q-
calculus (quantum calculus). In this work, we consider an extension of the central geometric (Fubini) 
polynomials with three variables using the content of q-calculus. Also, we derive some of their formulae 
and properties, such as addition formulas, summation formulas, three q-derivative properties, two 
Jackson integral representations, two implicit summation formulas, and a symmetric identity. Moreover, 
we acquire an essential correlation associated with the new q-polynomials and q-central factorial 
polynomials of the second kind in conjunction with some of its consequences. Then, we develop many 
correlations between the new and old q-polynomials and q-numbers, involving the two types of q-
Stirling numbers and polynomials of the second kind, the newly defined q-polynomials and q-numbers, 
q-central factorial numbers and polynomials of the second kind, trivariate central q-Bell polynomials 
and numbers, and type 2 q-Bernoulli polynomials and numbers. Furthermore, we compute a q-operator 
formula for the trivariate central q-geometric polynomials. Since the family of trivariate q-central 
geometric polynomials is a member of q-Appell polynomials, we utilize the new polynomials to possess 
applications in q-umbral calculus. Through these applications, we investigate several identities to obtain 
the trivariate q-central geometric polynomials as a linear combination of earlier q-polynomials in the 
literature. 
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Abstract 

A CSS code is a type of quantum error-correcting code constructed from two classical linear codes. The 
T gate is a crucial non-Clifford gate needed for universal quantum computation. However, implementing 
T gates fault-tolerantly is challenging in general. A transversal gate applies a gate to each qubit 
individually, and it is desirable for fault tolerance, as it prevents error propagation between qubits. A 
CSS-T code is a CSS code where the T gate can be implemented transversally. It enables fault-tolerant 
universal quantum computation by reducing the cost of implementing logical non-Clifford gates. So far, 
there have been a few results on CSS-T codes. In the literature, there are two generic construction 
methods for linear codes from functions over finite fields (called the first and second methods). The first 
generic construction method of linear codes was introduced in [2]. Let  𝑓𝑓:𝔽𝔽2𝑚𝑚 → 𝔽𝔽2  be a binary 
function.  Mesnager [2] constructed a three-weight binary linear code from a bent function 𝑓𝑓 . Later, 
Mesnager et al. [3] constructed a three-weight binary linear code from a plateaued function 𝑓𝑓. Following 
this approach, two-to-one functions were subsequently employed in [4] to construct three-weight binary 
linear codes. In this work, we aim to obtain new classes of binary quantum CSS-T codes from these 
binary linear codes constructed in [2-4]. We propose a new construction of binary quantum CSS-T codes 
from a pair (𝐶𝐶1,𝐶𝐶2) of linear codes derived from plateaued (also bent) functions and two-to-one 
functions. Recently, Berardini et al. [1] have presented the necessary and sufficient condition for a pair 
(𝐶𝐶1,𝐶𝐶2) of linear codes to form a CSS-T pair. We prove that such a pair of codes is a quantum CSS-T 
pair under the given conditions. Consequently, the resulting quantum CSS-T codes differ from those 
previously known in the literature. 
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Abstract 

This work investigates a nonlinear singularly perturbed initial value problem, where the presence of a 
small parameter significantly influences the solution behavior. We consider the nonlinear singularly 
perturbed problem: εu(x, ε) = f(x, u), x > 0,  u|x=0 = u0  under the assumption that fu(x, u) <
0 and ∀ x ≥ 0 and real u, ensuring the existence and uniqueness of the solution. To analyze the behavior 
of the solution in the presence of a small parameter ε, we introduce a regularizing variable based on 
Lomov’s method [1]: 

   ξ =
1
ε
φ(x) =

1
ε
� fu(s, u)ds
x

0
,  

and define an extended function  u�(x, ξ, ε)|ξ=φ(x)/ε ≡ u(x, ε) satisfying a first-order partial differential 
equation with suitable initial conditions. The solution is then decomposed into a regular component and 
a boundary layer correction. A linearization procedure is applied, leading to a system of equations that 
are discretized using finite differences. 
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Abstract 

Mathematical models are essential for understanding the transmission dynamics of infectious diseases 
and evaluating the efficacy of public health interventions [1]. In this study, a nonlinear SVEIRD model 
is developed and analyzed to evaluate the impact of vaccination on the spread of COVID-19 across 
different variant periods, using real-world data from Alberta, Canada. The model incorporates 
reinfection dynamics, vaccine efficacy, and time-dependent changes in transmission rates. The 
fundamental reproduction number, denoted by R0, is derived. Disease-free and endemic equilibria are 
identified. Local and global stability analyses are conducted using Routh–Hurwitz criteria and Lyapunov 
functions. Extensive numerical simulations calibrated with empirical data validate the model’s accuracy 
across six pandemic phases, including the pre- and postvaccination periods. The sensitivity analysis 
identifies key parameters, such as the infection rate and the recovery rate, that critically influence disease 
progression. Results indicate that vaccination significantly reduces the basic reproduction number, 
though its effectiveness varies during periods of variant emergence, such as the Delta variant. This study 
highlights the potential and limitations of compartmental models in informing short-term health policies. 
The model demonstrated that well-implemented intervention strategies can effectively contain the 
spread of the virus, even in the face of initially high transmission rates and emerging variants. The 
findings of this study indicate that while vaccination reduces transmission, adaptive strategies including 
surveillance and healthcare preparedness are vital for long-term epidemic control. The insights derived 
from this case study can support evidence-based policymaking for current and future public health 
emergencies. 

Keywords: COVID-19, SVEIRD model, vaccination, stability analysis, reproduction number, Alberta, 
sensitivity analysis 

References 

[1] Yildiz, B., Haspolat, E., Yilmaz, A., Ones, Z. (2022). Stability analysis and numerical simulation 
of dynamic and fractional SEIRD models for spread of COVID-19 in Turkey. Asian-European 
Journal of Mathematics, 15(12), 2250226.  

[2] Van den Driessche, P., Watmough, J., (2002). Reproduction numbers and sub-threshold endemic 
equilibria for compartmental models of disease transmission. Mathematical Biosciences, 180(1-
2), 29–48. 

[3] Gökçe, A., Gürbüz, B., Rendall, A.D., (2024) Dynamics of a mathematical model of virus 
spreading incorporating the effect of a vaccine, Nonlinear Analysis: Real World Applications, 78, 
104097. 

 Corresponding Author Email: emrah.haspolat@bilecik.edu.tr 

https://icmads.org/
mailto:emrah.haspolat@bilecik.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   176 

A Delay Differential Equation Model for Predator-Prey 
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Abstract 

Mathematical modeling is imperative for comprehending the nonlinear and temporally structured 
interactions that govern marine ecosystems. In regions where fishing pressure is high or environmental 
sensitivity is a concern, such as the Black Sea, the application of these models is of particular 
importance. These models play a crucial role in predicting long-term species dynamics and evaluating 
the sustainability of fisheries management strategies [1]. A delay differential equation (DDE) framework 
provides a transparent yet powerful structure that links biological realism with mathematical tractability. 
In this study, a biologically informed DDE model is developed to investigate the trophic interactions 
among four ecologically and economically important marine fish species in the Black Sea: the anchovy, 
horse mackerel, bluefish and Atlantic bonito. The model incorporates species-specific time delays 
corresponding to reproduction, predation and other ecological processes. The temporal discrepancies 
have been determined through the analysis of empirical literature and ecological data. These delays are 
indicative of biologically realistic lags in spawning cycles, feeding behavior and growth dynamics, 
thereby facilitating a more accurate depiction of seasonal and interannual biomass fluctuations. A 
comprehensive analytical investigation was conducted, encompassing equilibrium analysis and local 
stability assessment. The present investigation employed the characteristic equations of the DDE system 
to facilitate a comprehensive evaluation. The implementation of bifurcation analysis enables the 
discernment of critical thresholds in predation rates and delay parameters, where Hopf bifurcations 
emerge, giving rise to oscillatory dynamics [2]. These findings underscore the pivotal role of time delays 
in the destabilization of steady-state coexistence, thereby giving rise to biologically meaningful 
population cycles. The execution of numerical simulations is facilitated by the MATLAB dde23 solver. 
The results obtained demonstrate the efficacy of emphasizing the significance of delay effects in 
elucidating the dynamics of predator–prey interactions. Sensitivity analysis further reveals the dominant 
influence of bonito assimilation and bluefish predation on system variability. This modeling approach 
supports ecosystem-based fishery management by providing biologically grounded and computationally 
reliable insights into long-term fish population dynamics. 
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Abstract 

In the marine ecosystem, not only planktonic organisms but also bacteria and viruses interact with each 
other in a complex manner. Therefore, mathematical models developed to understand the dynamics of 
marine microbial cycles should include these multifaceted biological relationships in a holistic manner 
and be designed to cover all major interactions. In this study, we propose a mathematical model 
consisting of six populations, including susceptible bacteria, phage-infected bacteria, free phages, 
phytoplankton, microzooplankton, and zooplankton [1,2]. The model describes the biological 
interactions between the species using differential equations. In line with their feeding relationships, 
zooplankton feed on both phytoplankton and microzooplankton, while microzooplankton feed on both 
phytoplankton and bacteria. On the other hand, bacteria harm phytoplankton, while phages infect and 
lyse bacteria. The model parameters are based on experimental data obtained from temperate coastal 
regions, especially the North Atlantic [3]. As a result of numerical simulations, the long-term 
coexistence of all populations was possible, and it was observed that the system continued with regular 
fluctuations (oscillations) without reaching a fixed equilibrium. While rapid cycles were observed in 
phage and infected bacteria populations, slower changes were observed in phytoplankton and higher 
trophic levels. In addition, the structure formed by the removal of phages in the system was also 
examined, and it was determined that the structure without phages could be stable under some 
conditions. Sensitivity analyses showed that parameters such as bacterial growth rate (α) and phage 
infection rate (β) were determinants of the balance of the system. This model provides a basic tool to 
better understand the effects of microbial cycles and trophic relationships on ecosystem balance. 

Keywords: Phage-bacteria interaction, plankton model, ecological dynamics, differential equations, 
microbial ecology 
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 A Study on the Sums of Topological Indices 𝑰𝑰𝑰𝑰𝑰𝑰 − 𝑯𝑯 and 𝑰𝑰𝑰𝑰𝑰𝑰 −
𝑮𝑮𝑮𝑮 
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Abstract 

Graphs are structures in which living or non-living objects are modeled as vertices, or nodes, and the 
relationships between these objects are modeled as edges. The mathematical discipline in which graphs 
are studied is graph theory. Molecular graphs are graph structures in which atoms are modeled as vertices 
and bonds between atoms as edges. Chemical graph theory, a sub-branch of graph theory, focuses on 
molecular graphs and is concerned with making chemical inferences from graph models of molecules. 
At this point, quantitative structure property/activity relationship approaches (QSPR/QSAR) are used. 
One of the most important tools of these approaches is topological indices, which are mathematical 
formulas that encode the structural properties of graphs [2]. Furthermore, they are invariant under graph 
isomorphism. A large number of topological indices have been defined and are frequently studied for 
their potential role as molecular descriptors. In [1], several indices called Adriatic indices were defined 
to contribute to QSPR/QSAR studies. One of the most popular of these indices is the inverse sum indeg 
index, defined as 𝐼𝐼𝐼𝐼𝐼𝐼(𝐺𝐺) = ∑ 𝑑𝑑𝑢𝑢𝑑𝑑𝑣𝑣

𝑑𝑑𝑢𝑢+𝑑𝑑𝑣𝑣𝑢𝑢𝑢𝑢∈𝐸𝐸(𝐺𝐺) . The paper emphasized that 𝐼𝐼𝐼𝐼𝐼𝐼 is an important determinant 

of the total surface area for octane isomers. In the literature, the chemical applicability potential of 
topological indices alone is generally investigated, but a few examples focus on the chemical 
applicability potential of the combination of two indices, a significant example of which can be given 
as [3]. These investigations are based on graph theoretical methods and correlation analysis. Building 
on the work of [3], this study explores the chemical applicability of the sum of the 𝐼𝐼𝐼𝐼𝐼𝐼 and harmonic 
and geometric arithmetic indices, as defined in [4] and [5], respectively. 

Keywords: Topological indices, the inverse sum indeg index, graph theory  
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Abstract 

Dunkl–umbral calculus, a recent extension of the classical umbral calculus adapted to Dunkl operators, 
has emerged as a powerful analytical framework for the systematic study of generalized polynomial 
sequences and special functions within the Dunkl context. This approach not only generalizes 
established concepts but also provides new algebraic and analytical tools that are well suited for the 
study of polynomial structures arising in settings with reflection symmetries. Building upon 
foundational results on Sheffer–Dunkl and Appell–Dunkl sequences, this work focuses on a 
comprehensive investigation of Euler–Dunkl polynomials through the lens of Dunkl–umbral methods. 
Our approach combines the algebraic machinery of umbral calculus with the operator structure of Dunkl 
calculus, enabling the derivation of novel identities, recurrence relations, and explicit expansions for 
these polynomials. In particular, we establish new characterizations of Euler–Dunkl polynomials in 
terms of generating functions and operational formulas, and we identify precise connections with 
Appell–Dunkl families, thereby extending known relationships from the classical setting into the Dunkl 
context. The results include both structural characteristics and explicit formulas that extend the 
theoretical framework of Dunkl–umbral calculus. These findings enhance the understanding of Euler–
Dunkl polynomials as a natural generalization of their classical analogues and provide a basis for 
potential applications in various areas of mathematical analysis and the theory of special functions. By 
situating our results within the broader landscape of generalized special functions, this study contributes 
to the ongoing development of the Dunkl–umbral formalism as a versatile and unifying framework, 
highlighting its potential for further generalizations and its capacity to unify discrete, continuous, and 
operator-based approaches in modern analysis. 
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Abstract 

In this study, multivariate neural network operators (NNs) operating on Banach spaces defined on 
ℝ𝑁𝑁 ,𝑁𝑁 ∈ ℕ are investigated within the framework of the theory of positive linear operators [1]. The 
operator family considered is formed by the density function obtained by symmetrizing the trainable 
half-hyperbolic tangent activation function defined parametrically. This approach establishes a bridge 
between classical ANN architectures and symmetrized structures and presents an operator model that is 
tractable and controllable both theoretically and computationally [2]. The main purpose of the study is 
to quantitatively reveal the convergence behavior of these neural network operators to the unit operator 
(identity operator). For this purpose, approximation inequalities valid in different classes and conditions 
are derived using functional analysis tools such as modulus of continuity, Fréchet derivative and 
convexity properties of target functions. Possible real-life applications of these operators are also 
noteworthy. For example, thanks to the flexibility provided by half-hyperbolic activation in modeling 
financial time series, more accurate results can be obtained in volatility estimations and risk 
measurement. Similarly, in medical imaging (e.g. in MRI or CT images), deterministic error controls of 
these operators can provide significant contributions in terms of detecting small and previously 
unnoticed lesions in noise reduction processes. In autonomous robotic systems, stability and security 
guarantees can be provided in control algorithms thanks to the use of such positive linear structures; 
while in smart cities and IoT (Internet of Things) systems, it becomes possible to process real-time 
sensor data with low computational cost. In conclusion, this study not only provides contributions at the 
theoretical level; it also proposes a robust mathematical framework for the use of ANNs in a more 
reliable, traceable and computable manner in an applied context. It is expected that these structures, 
which are at the intersection of functional analysis, operator theory and ANN approaches, shall provide 
significant expansions in terms of both theoretical research and interdisciplinary applications in the 
future [3,4]. 
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Analysis for Model Reduction of Diffusion-Reaction 
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Abstract 

Linear techniques continue to play a key role in data analysis because of their solid theoretical 
foundation and wide range of applications. Nonetheless, many real-world phenomena involve nonlinear 
dynamics that linear models cannot adequately represent. This work introduces a reduced-order 
modeling approach based on Kernel Principal Component Analysis (KPCA) [1,2], a nonlinear variant 
of traditional PCA, applied to solution data derived from the discrete solution vectors of the nonlinear 
diffusion-reaction equations in the form of Hamiltonian, gradient and anti-gradient partial differential 
equations. The spatial and temporal domains are discretized using the finite difference method and the 
second order, structure preserving Average Vector Field (AVF) method, respectively. To reconstruct 
the full-dimensional data from the reduced space without iteration, multidimensional scaling (MDS) [3] 
is utilized. KPCA effectively captures the characteristic behaviours of the system solutions, such as 
energy preservation, energy dissipation and patterns, while allowing for efficient low-dimensional 
representations. A comparative study of different kernel functions highlights their significant influence 
on model performance and accuracy, emphasizing the need for selecting kernels that best reflect the 
data's inherent structure. 
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Abstract 

This study presents a performance comparison of various Python and Rust-based imputation approaches 
in single-core processing environments. The central focus is the Kalman filter algorithm, employed as a 
user-defined function (UDF) for missing value imputation. The method was implemented in four 
different ways: pure Python, Numba JIT, pure Rust, and Rust with ndarray [1-3]. Additionally, the built-
in imputation methods of Pandas and Polars libraries were assessed. Experiments were conducted on 
synthetic time-series datasets with varying missingness levels (5%–40%) and sizes (10,000 to 
100,000,000 rows) [4]. The performance evaluation relied on the standardized timeit method, using 
normalized metrics (milliseconds per 10,000 rows). Results indicate that pure Python is significantly 
slower than its accelerated counterparts, though this performance gap is negligible for smaller datasets. 
Numba JIT and Rust-based implementations demonstrated comparable and effective performance at 
larger scales. These findings underscore the importance of tool selection in non-parallelizable data 
mining scenarios and offer a foundation for future optimization research. 
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The Impact of Metaheuristic Hyperparameter Tuning on 
Classification Performance in Sustainable Manufacturing 
Simulations 

Ismail Yenilmez  
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Abstract 

In the context of sustainable manufacturing, machine learning (ML) models are increasingly used to 
support decision-making processes [1]. However, the effectiveness of these models largely depends on 
proper hyperparameter tuning [2-3]. This study presents a comparative analysis of traditional, and 
metaheuristic hyperparameter optimization techniques applied to key classifiers—K-Nearest 
Neighbours, Random Forest, Support Vector Machine, and Naive Bayes—within a manufacturing 
simulation environment. Experimental results show that Simulated Annealing consistently provides 
better classification performance (accuracy, precision, F1-score) and lower computational cost 
compared to conventional methods like Grid Search and Random Search. While Grid Search offers 
stable results, its high computational demand limits its applicability in real-time simulations. The 
findings emphasize that selecting the right tuning method is critical for achieving high-performing ML 
models in resource-constrained, simulation-driven manufacturing systems. The study contributes to the 
growing body of research on intelligent optimization in industrial settings. 

Keywords: Manufacturing, machine learning, classification, hyperparameter tuning, metaheuristic 
optimization 
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Anti-invariant Riemannian Submersions whose Total 
Manifolds are Globally Conformal Kenmotsu 
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Abstract 

In this talk, we first give a fundamental theorem that characterizes a globally conformal Kenmotsu 
manifold. Using this theorem, we show that if a Riemannian submersion whose total manifold is globally 
conformal Kenmotsu admits a horizontal characteristic vector field, then the gradient vector field of the 
conformal transformation and the Lee vector field are horizontal. This theorem enables us to obtain 
covariant differential equations for anti-invariant and Lagrangian submersions whose total manifolds 
are globally conformal Kenmotsu. Using these equations, we examine the integrability and totally 
geodesicness of horizontal and vertical distributions of anti-invariant and Lagrangian submersions 
whose total manifolds are globally conformal Kenmotsu. We also do this examination for the anti-
invariant and Lagrangian submersions whose total manifolds are globally conformal Kenmotsu which 
have horizontal characteristic vector fields. Then, we give an illustrative example for a Lagrangian 
submersion whose total manifold is globally conformal Kenmotsu. Moreover, we prove that for a 
Lagrangian submersion whose total manifold is globally conformal Kenmotsu, the horizontal 
characteristic vector field cannot be horizontal and gradient vector field of the conformal transformation 
cannot be vertical when the image of every vertical vector field under the almost contact endomorphism 
is always a basic vector field. We also give a necessary and sufficient condition for the harmonicity of 
an anti-invariant Riemannian submersion whose total manifold is globally conformal Kenmotsu. We 
study the condition for a curve in a Lagrangian submersion whose total manifold is globally conformal 
Kenmotsu to be geodesic, and with the help of this we obtain the condition for such submersions to be 
Clairaut submersions. 
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Video Classification with Bayesian CNN and Bayesian 
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Abstract 

Deep learning algorithms play a critical role in performance analysis and strategy development in sports, 
especially in classifying basketball and volleyball video data. This study aims to compare the 
performances of 2D Convolutional Neural Networks (CNN) and 2D Bayesian Convolutional Neural 
Networks (Bayesian CNN) using basketball and volleyball videos from the UCF11 dataset. Furthermore, 
the optimization performances of Adam and Bayesian Adam are evaluated for these two models. 
Complex data structuring, labeling processes, small sample sizes, or limited data points can adversely 
affect training and prediction success. The 2D CNN model is designed to handle such challenges, 
especially when dealing with visually similar frames or backgrounds in sports videos. However, it may 
struggle with rare or hard-to-predict video samples. To address this, a 2D Bayesian CNN model and 
Bayesian optimization are employed. Bayesian deep learning naturally evaluates model uncertainty and 
helps mitigate common problems like overfitting and underfitting, resulting in more stable outcomes 
[1,2]. By incorporating probability distributions over model parameters, the Bayesian CNN 
demonstrates superior performance in dealing with noisy, sparse, and uncertain data. This enables the 
model to offer results comparable to or better than traditional methods without being affected by data 
irregularities. The proposed approaches improve real-world applicability and provide alternatives to 
time-consuming validation methods [3,4]. Bayesian CNN models and optimization techniques offer 
more reliable predictions by better assessing uncertainty and trustworthiness—an important advantage 
in sports strategy development and analysis. Experimental results demonstrate that Bayesian CNNs, 
especially under uncertainty, produce more stable and trustworthy outputs than standard CNNs and 
highlight their practical benefits in sports analytics and strategy planning. 
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Union Knapsack Problem 
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Abstract 

This study proposes binary adaptations of the Battle Royale Optimization (BRO) algorithm [1] to solve 
the Set-Union Knapsack Problem (SUKP), which is a well-known NP-hard problem. Since BRO is 
originally designed for continuous search spaces, it cannot be directly applied to binary-structured 
problems like SUKP. Therefore, two different approaches are proposed to adapt the BRO algorithm to 
the binary search space. In the first approach, without altering the core mechanism of BRO, 25 transfer 
functions (S, V, U, T, Z, O-shaped, and hyperbolic tangent) [2-6] are used to convert candidate solutions 
into binary form before fitness evaluation. This preserves the search dynamics while enabling 
compatibility with binary structure. The proposed approach has been tested on 30 SUKP problems, with 
the O2 transfer function from the O-shaped group delivering the best results. In the second approach, 
the search space of the BRO algorithm is moved directly to binary form is called BROBin. Additional 
components such as mutation and label-ratio mechanisms are integrated to promote diversity and focus 
the search. Both methods utilize repair and improvement operators to handle infeasible solutions and 
feasible solution quality. Experimental results show that BROBin outperformed the transfer function-
based approach across all instances. In addition, BROBin has been compared with several different 
algorithms and has achieved successful results. This study highlights the adaptability of BRO to binary 
problems and the importance of search space transformation and operator modification in binary 
optimization. 

Keywords: Battle royale optimization, binary optimization, metaheuristic algorithms, set-union 
knapsack problem, transfer functions. 
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Disjunctive Total Bondage Number of Mycielski Graphs 
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Abstract 

Among the various problems related to the domination number, some focus on how graph modifications 
impact this parameter. One such modification is edge removal. Fink et al. [1] introduced the bondage 
number as a parameter for measuring the vulnerability of a network under link failure. This concept has 
been extended to various domination variants, one of which is disjunctive total bondage [2,3]. The 
disjunctive total bondage number of a graph with no isolated vertex is the minimum number of edges 
that must be removed to increase the disjunctive total domination number. In this study, we determine 
the disjunctive total bondage number of Mycielski graph of some graphs such as path, cycle, star, 
complete graph, wheel graph and complete bipartite graph. 
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Canan Çiftçi1, Feyza Çelik1, Fatih Say2  

1 Department of Mathematics, Ordu University, Ordu, Türkiye 
2 Department of Mathematics, Bursa Technical University, Bursa, Türkiye 

Abstract 

The connectivity of a network is an important indicator to its reliability and fault tolerance. However, 
most work only consider the fault of single vertex and ignore the structure-fault of a network. To address 
this gap, Lin et al. [1] introduced structure connectivity and substructure connectivity as generalizations 
of connectivity. Let H be a connected subgraph of a graph G. The structure connectivity of G is the 
minimum number of a set of connected subgraphs in G, whose removal disconnects G and each element 
in the set is isomorphic to H. The substructure connectivity of G is the minimum number of a set of 
connected subgraphs in G, whose removal disconnects G and each element in the set is isomorphic to a 
connected subgraph of H. Goldberg [2] introduced an infinite family of snarks that provide infinitely 
many counterexamples to the critical graph conjecture. In this study, we determine the star structure 
connectivity and star substructure connectivity of Goldberg snark. 

Keywords: Structure connectivity, substructure connectivity, Goldberg snark 

References 

[1] Lin, C. K., Zhang, L., Fan, J., & Wang, D. (2016). Structure connectivity and substructure 
connectivity of hypercubes. Theoretical Computer Science, 634, 97-107. 

[2] Goldberg, M. K. (1981). Construction of class 2 graphs with maximum vertex degree 3. Journal 
of Combinatorial Theory, Series B, 31(3), 282-291. 

 Corresponding Author Email: cananciftci@odu.edu.tr 

https://icmads.org/
mailto:cananciftci@odu.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   189 

Cardinality of Codes from Semi-Linearized Polynomials: A 
Step Toward Non-Linear Rank-Metric Codes  
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Abstract 

Rank-metric codes are pivotal in modern coding theory, underpinning applications in network coding, 
cryptography, and space-time coding [1,2]. While linear codes like Gabidulin codes [3] are well-
characterized, non-linear variants remain a frontier with untapped potential. This paper explores the 
cardinality of codes derived from semi-linearized polynomials of the form 𝑃𝑃(𝑥𝑥) = 𝐿𝐿(𝑥𝑥) + 𝑎𝑎𝑥𝑥𝑞𝑞+1 over 
finite fields 𝔽𝔽𝑞𝑞𝑚𝑚, where 𝑞𝑞 = 2𝑘𝑘, 𝑚𝑚 is even, 𝐿𝐿(𝑥𝑥) is a linearized polynomial of rank 𝑟𝑟, and 𝑎𝑎 ∈ 𝔽𝔽𝑞𝑞𝑚𝑚

∗ . The 
addition of the non-linear term 𝑎𝑎𝑥𝑥𝑞𝑞+1 distinguishes these codes from traditional linear codes. The code 
𝐶𝐶 is then defined as the set of all evaluations of 𝑃𝑃(𝑥𝑥) where 𝐶𝐶 = �𝑃𝑃(𝑢𝑢):𝑢𝑢 ∈ 𝔽𝔽𝑞𝑞𝑚𝑚

𝑛𝑛 �.  Our primary goal is 
to determine the cardinality, |𝐶𝐶|, which provides crucial information about the code's structure and size. 
We propose a general cardinality formula |𝐶𝐶| = 𝑞𝑞𝑚𝑚 − 𝑁𝑁, where 𝑁𝑁 is the number of non-zero 𝑤𝑤 
satisfying a Trace equation. The quantity 𝑁𝑁 fundamentally depends on the rank 𝑟𝑟 of the linearized 
polynomial 𝐿𝐿(𝑥𝑥) and the choice of the coefficient 𝑎𝑎. As a special case for 𝑞𝑞 = 2, 𝑚𝑚 = 4, 𝑛𝑛 = 1, and 
𝐿𝐿(𝑥𝑥) = 𝑥𝑥, the minimum rank distance is consistently 1. We rigorously prove  |𝐶𝐶| = 11, validated 
through a detailed proof and Magma computations. This result is independent of the choice of a. For 
general 𝐿𝐿(𝑥𝑥), this result is generalized and we relate 𝑁𝑁 to 𝑟𝑟 and 𝑎𝑎, discussing the challenge of a closed-
form expression. The challenge of finding a closed-form expression for 𝑁𝑁 in the general case remains 
an open and interesting problem, potentially requiring tools from character sums or Weil sums. Future 
research will also focus on extending these results to vector inputs 𝑛𝑛 > 1, exploring potential 
applications that benefit from codeword diversity, and investigating the full rank distribution of these 
codes. The explicit formula for cardinality which is obtained for some specific cases, and the general 
framework relating cardinality to the trace equation contribute novel insights into the construction and 
analysis of non-linear rank-metric codes. This work presents a significant step toward understanding the 
structure of non-linear rank-metric codes, spotlighting their promise and the open challenge of fully 
characterizing 𝑁𝑁.  
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Abstract 

Selecting a model that is appropriate for the structural properties of the data sets is of critical importance 
for the inferences obtained. In cases where the dependent variable is count data, classical linear 
regression models may be insufficient, as they cannot adequately represent discrete structures, zero-
inflation and overdispersion. For this reason, count regression models, which are specifically introduced 
for such data structures are preferred. Poisson and Negative Binomial regression models are among the 
most frequently used methods in the analysis of count data; Zero-Inflated Poisson and Zero-Inflated 
Negative Binomial models provide more appropriate solutions in data sets containing zero inflation. 
Hurdle models are also widely used in modeling such data. With the increasing interest in analyzing 
count data in recent years, not only have classical statistical methods been employed, but also studies 
have been conducted that incorporate machine learning based approaches. In many application areas 
like health, ecology, agriculture, transportation, and insurance, ML algorithms, e.g., Random Forest, 
Support Vector Machines and K-Nearest Neighbors are used for the prediction of count data. However, 
it is seen that the studies mostly focus on well-known count regression models and a limited number of 
ML algorithms. Highlighting the limitations in the existing literature, this study aims to present a 
comparative analysis that includes alternative ML algorithms and count regression models based on 
different distributions. All the considered models will be analyzed on 1000 repetitions with 10-fold 
cross-validation on data sets with different structural features; performance measures, RMSE, MAE, 
and R², will be calculated. Thus, it will be revealed which model(s) give more effective results under 
different data structures. In this respect, it is aimed to fill an important gap in the literature by comparing 
count regression models and ML algorithms for count data. 
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Integration of Tolerance Region Constraints into the 
Expectation- Maximization Algorithm for Robust Parameter 
Estimation 
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Abstract 

The Expectation-Maximization (EM) algorithm is a cornerstone technique for parameter estimation in 
latent variable models. However, its sensitivity to outliers often leads to biased estimates in the presence 
of contaminated data. This study introduces a novel extension of the EM algorithm that 
incorporates tolerance region constraints to enhance robustness. Specifically, the algorithm models each 
observation’s membership within a statistically defined tolerance region as a latent variable. During the 
E-step, the algorithm estimates the probability that each observation falls within this region. The M-step 
then updates the model parameters using a weighted likelihood, where observations outside the region 
are down-weighted. This integrated framework enables simultaneous parameter estimation and outlier 
accommodation, eliminating the need for separate preprocessing or ad hoc procedures. Experimental 
evaluations on both synthetic and real-world datasets demonstrate that the proposed method yields more 
accurate and stable parameter estimates compared to the classical EM algorithm and conventional two-
stage robust estimation approaches. This work offers a principled and computationally efficient strategy 
for robust inference in the presence of contaminated data. 

Keywords: Expectation-maximization, tolerance region, contaminated data, model-based clustering 
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Abstract 

In this work, we study developable ruled surfaces with constant mean curvature along a general curve. 
The mean curvature of developable ruled surfaces generated by indicatrix curves is calculated. The 
analysis is carried out first in Euclidean 3-space and then extended to Lorentzian 3-space. For both 
geometries, we derive the necessary and sufficient conditions under which the developable ruled 
surfaces exhibit constant mean curvature. In addition, we calculate the mean curvature of the surface 
using timelike and spacelike curves, respectively. Later, we give a sufficient condition for the mean 
curvature of a developable surface to be constant along a striction curve. Finally, we give examples in 
Euclidean and Lorentz spaces and present some computational examples. The condition that a surface 
exihibits constant mean curvature along a curve implies uniform bending behavior in the direction of 
that curve. If H remains constant along a given curve on a surface, the local geometric behavior of the 
surface doesn't change in that direction. This property plays an important role in architectural and 
structural design, particularly in the context of developable or discretely panelized surfaces. Structures 
designed with constant mean curvature zones often benefit from predictable stress distribution and 
fabrication efficiency, [2]. Therefore, this geometric constraint not only carries mathematical 
significance, but also offers practical advantages in the fields of architectural geometry and 
computational design. 
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Abstract 

This study deals with the construction of the (2+1)-dimensional perturbed form of the (1+1)-dimensional 
Biswas-Milovic equation, which represents the generalized form of the nonlinear Schrödinger equation 
and is among the important nonlinear optical models introduced to the literature in 2010, and the 
obtaining of optical dromions solutions through this form. As a method, the new Kudryashov technique 
was preferred, which is easy to apply, does not require much algebraic operations, is effective, reliable 
and has been recently introduced to the literature, allowing the obtainment of solution forms such as 
dark and bright, which are result-oriented and have a certain meaning in terms of nonlinear optics. The 
basic steps of the mathematical analysis are to first transform the model created in the form of the 
nonlinear partial differential equation into the nonlinear partial differential equation form with an 
appropriate complex wave transformation, then to obtain the constraint conditions with the help of the 
imaginary part component and the nonlinear ordinary differential form via the real part component. The 
study includes mathematical and physical examination together, and the results obtained can have a 
certain physical meaning only with the stability of the results obtained. In this context, before proceeding 
to the graphical presentation and interpretation of the results, modulation instability examination was 
carried out and the necessary conditions were obtained. Considering all the mathematical constraints 
and the physical structure of the model obtained within the scope of all these issues, 3-D, 2-D and 
contour graphics of the obtained solutions are presented. The presented graphics belong to soliton forms 
such as bright, dark, W-shape like, and these forms represent forms that have a certain meaning in terms 
of nonlinear optics.  

Keywords: The (2+1)-Biswas-Milovic equation, modulation instability, new Kudryashov scheme, 
optical dromions solutions, W-shape like soliton 
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Abstract 

This paper presents a robust algorithm for computing real root of univariate nonlinear transcendental 
equation. The suggested method is based on the inverse hyperbolic sine function. The proposed method 
is executed in MATLAB and is employed to numerous models of problems to ensure the methods 
applicability. The proposed method is examined on number of numerical examples and results indicate 
that our method is better and more effective as comparable to renowned methods. These results are 
depicted through error analysis. The convergence of proposed method is proven to be quadratically 
convergent. 
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The Indispensable Foundation: The Role of Mathematics in 
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Abstract 

Mathematics is a basic branch of science which has deals with numbers, quantity, space, structure, and 
change. Mathematics is essential in data science because it underpins machine learning algorithms, data 
analysis, and the process of drawing conclusions from that data. A data analyst or data scientist cannot 
properly appreciate, implement, or innovate with the methodologies used to extract insights from data 
unless they have a thorough understanding of mathematical ideas. The current work explores the 
mathematical concepts involved in data analysis. The applications of mathematical branches such as 
Linear Algebra (language of data), Calculus (Mathematics of Change), Discrete Mathematics 
(algorithms and data structures) etc., are explored in this work.  Mathematical techniques are essential 
for transforming raw data into a structured format suitable for analysis and modelling. These methods 
include cleaning, normalizing, standardizing, and scaling data, all of which rely on mathematical 
operations to prepare datasets for machine learning algorithms. A deep mathematical understanding 
empowers data scientists to not only apply existing algorithms effectively but also to innovate and adapt 
them to meet the evolving challenges in data science, leading to more accurate and efficient solutions. 
The conclusions of data analytics are employed to provide the business recommendations for savings 
opportunities and improving their businesses. 
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Modelling a banking loan monopoly under tax policies: A 
piecewise nonlinear map with two partitions 
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Abstract 

Taxation has become an important policy instrument in regulating financial institutions, particularly in 
the banking sector. Governments impose various tax schemes on banks not only to generate public 
revenues but also to influence financial stability, credit allocation, and risk-taking behavior. There is 
growing recognition of the complex interactions between tax policies and banking activities, especially 
regarding loan dynamics. While taxation is intended to stabilize the financial system, its effects on 
banks’ lending behavior under monopoly conditions remain a subject of debate. Different tax structures 
can induce nonlinearities and abrupt shifts in the dynamics of banking systems, potentially leading to 
unpredictable or even chaotic behaviors that affect credit flows and economic stability. Understanding 
these dynamics is essential for policymakers to design effective tax regimes that maintain financial 
stability without harming credit availability. This study investigates the impact of tax policies on 
banking loan dynamics using a discrete-time monopoly model of a bank operating under different 
taxation schemes. The resulting system is modeled as a piecewise nonlinear map with two partitions, 
reflecting regime shifts induced by varying tax structures. We conduct a local stability analysis of the 
fixed points, which reveals the occurrence of flip bifurcations as key parameters change. Additionally, 
we examine the system’s behavior near partition boundaries and identify border-collision bifurcations, 
a feature of piecewise-defined systems. To validate the analytical results, we present numerical 
simulations, including one-parameter and two-parameter bifurcation diagrams and Lyapunov exponent 
diagrams, to illustrate the system’s complex dynamics. This study contributes to the growing research 
on piecewise (non-)linear maps with multiple partitions, offering insights into the nonlinear effects of 
taxation on banking loan behavior. 

Keywords: Banking loan, border-collision bifurcation, piecewise nonlinear map, tax policy, two-
parameter bifurcation diagram 
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Using Adaptive Particle Swarm Optimization MPPT 
Algorithm 
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Abstract 

The efficiency of photovoltaic (PV) systems is highly influenced by various environmental factors, 
particularly temperature fluctuations and solar irradiance levels. These environmental conditions can 
cause substantial variations in the energy generated by the solar modules, leading to fluctuations in the 
overall system performance. As a result, implementing a highly effective Maximum Power Point 
Tracking (MPPT) method becomes crucial for optimizing the energy harvesting process. This paper 
introduces a novel approach for modeling and simulating a solar battery charge controller, using an 
adaptive Particle Swarm Optimization (PSO) algorithm for MPPT. The power stage of the system is 
based on a single-ended primary inductance converter (SEPIC), which is employed to manage the power 
conversion and improve the energy transfer to the battery. The developed circuit model is evaluated 
under various irradiance levels at a constant temperature, as well as under different temperature levels 
at a constant irradiance. Simulations are performed using MATLAB/Simulink. Unlike the traditional 
PSO algorithm, which fixes the converter's duty ratio based on the initial irradiation and temperature 
level, the modified PSO algorithm updates itself in real-time, adapting to changes in both irradiation and 
temperature conditions. This enables continuous and efficient power tracking throughout the charging 
process. The simulation results show that the proposed circuit model, combined with the modified PSO-
based MPPT approach, demonstrates a high level of adaptability to dynamic environmental changes, 
ensuring that the PV modules consistently operate at their Maximum Power Point (MPP). The proposed 
solar battery charge controller circuit is designed for Level 1 electric vehicle (EV) charging stations and 
it can provide potential solutions for the relevant applications. 

Keywords: Photovoltaic, PSO, MPPT algorithm, adaptive control 
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A Case Study 
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Abstract 

The global demand for electrical energy continues to rise steadily, with Türkiye experiencing 
particularly significant growth in energy consumption [1]. To address this increasing demand 
sustainably, renewable energy sources have become the primary focus, with wind energy leading the 
transition [2]. Türkiye's wind energy capacity has expanded rapidly, making accurate production 
forecasting essential for effective grid planning and energy management [3]. This study presents a 
comprehensive case study of wind energy production forecasting for a specific region in Türkiye, 
utilizing advanced artificial intelligence methodologies. The study employs Long Short-Term Memory 
(LSTM) networks [4] and Enhanced LSTM models to predict wind energy production using real-time 
generation data combined with comprehensive meteorological parameters. The methodology 
encompasses rigorous data preprocessing techniques, including normalization, temporal feature 
engineering, and advanced validation strategies. A comprehensive hourly dataset forms the foundation 
of this analysis, providing robust temporal coverage for training and validation. Meteorological data is 
sourced from the NASA Power project [5], while wind power plant production data is obtained from the 
EPİAŞ (Energy Markets Operation Corporation) transparency platform [6], guaranteeing reliable 
generation records. The performance evaluation employs multiple metrics including R² (coefficient of 
determination) and RMSE (Root Mean Square Error) to assess forecasting accuracy [7]. Comparative 
analysis between standard LSTM and Enhanced LSTM models demonstrates the effectiveness of the 
proposed methodologies. The regional case study approach provides practical insights for wind energy 
operators and grid planners, contributing to Türkiye's renewable energy optimization strategies and 
supporting the country's sustainable energy transition goals. 
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Abstract 

In almost all countries worldwide, cardiovascular diseases (CVDs) are the primary cause of death among 
both male and female populations. Given that CVDs are responsible for approximately 17.3 million 
deaths per year, early and accurate diagnosis plays a crucial role in mitigating their global impact. In 
recent years, the application of machine learning algorithms for the prediction of cardiovascular diseases 
has increased significantly, indicating the growing interest in the use of artificial intelligence for clinical 
decision support and risk classification. Among the most frequently employed machine learning (ML) 
algorithms in the context of cardiovascular diseases are logistic regression (LR), support vector 
machines (SVM), random forests (RF), artificial neural networks (ANN), and convolutional neural 
networks (CNN). Numerous studies have investigated the effectiveness of these ML models in 
predicting various clinical outcomes associated with CVDs. Network Meta-Analysis (NMA) was 
introduced as a statistical method that enables the comparison of more than two interventions assessed 
across studies with similar aims and methodologies. NMA allows the estimation of both direct and 
indirect effect sizes by constructing a network of multiple interventions simultaneously. The aim of this 
study is to compare the performance of different ML algorithms used in the analysis of CVD datasets 
by synthesizing evidence from existing systematic reviews and meta-analyses. Using NMA 
implemented through R packages such as netmeta and gemtc, the study seeks to identify which ML 
algorithms demonstrate superior predictive performance across various CVD outcomes. In addition, the 
study explores research trends and collaboration patterns within this interdisciplinary field at the 
intersection of artificial intelligence and cardiovascular health. 
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Abstract 

Mathematical modeling is crucial in understanding cancer dynamics, enabling early detection and 
innovative prevention strategies. As one of the leading causes of morbidity and mortality worldwide, 
cancer is characterized by the uncontrolled growth and spread of abnormal cells in the body, which can 
take various forms such as breast, lung, prostate, ovarian, colorectal, skin, and many others. In this study, 
comprehensive data preprocessing techniques are applied to work efficiently with some selected real-
world cancer datasets obtained from public databases (see [1-2] and references therein). In a subsequent 
step, various machine learning-based mathematical modeling approaches are employed in a comparative 
manner to predict the presence or absence of cancer based on the specified model parameters and disease 
measurements [3-6]. The predictions for the future evolvement of the disease are also tried to be 
performed. The results obtained are analyzed in terms of performance metrics and can serve as an 
assistive tool for early screening and risk assessment in preventive healthcare. 
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Abstract 

This study examines regime-dependent systemic risk transmission among the constituents of the BIST 
Non-Bank Liquid 10 Index (X10XB) using a quantile-based connectedness framework. The analysis is 
based on daily return data spanning from January 1, 2019, to June 1, 2025. The model employs a 
Quantile VAR (QVAR) structure with a lag order of 1 selected via the Bayesian Information Criterion 
(BIC), a rolling window size of 200 observations, and a 10-step-ahead forecast horizon. Directional 
forecast error variance decompositions are used to compute key connectedness measures: the Total 
Connectedness Index (TCI), Net Directional Spillover (NET), and Net Pairwise Transmission (NPT). 
Results show that the level of return connectedness varies significantly across quantiles. While TCI 
stands at 64.27% under median conditions (τ = 0.50 quantile), it increases markedly to 85.87% during 
negative extreme conditions (τ = 0.05 quantile) and 86.05% during positive extremes (τ = 0.95 quantile), 
indicating heightened systemic interdependence in both crisis and exuberance regimes. At the firm level, 
Koç Holding (KCHOL) and Sabancı Holding (SAHOL) consistently act as key net transmitters of risk 
across all quantiles. Under normal conditions, KCHOL records a NET value of %15.38 and a maximum 
NPT score of 9, meaning it dominates all bilateral linkages. SAHOL closely follows with NET = %13.42 
and NPT = 8. In contrast, SASA Polyester (SASA) and BIM Birleşik Mağazalar (BIMAS) emerge as 
persistent net receivers, with NET = –13.61 and NPT = 0 for SASA, and NET = –%10.32, NPT = 1 for 
BIMAS. Notably, some firms change roles under different regimes. For instance, Ereğli Demir Çelik 
(EREGL) transitions into a risk transmitter in the upper tail with NET = %3.08 and NPT = 8, while 
Aselsan (ASELS) shifts toward a net receiver position during bullish conditions. These shifts illustrate 
the asymmetric and regime-sensitive nature of systemic risk propagation. The findings highlight the 
importance of quantile-aware risk monitoring and suggest that diversification benefits may erode in 
times of market stress. This quantile-based framework provides enhanced insights compared to 
traditional mean-based connectedness approaches, especially for tail-risk analysis in emerging markets. 
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Abstract 

The pulsatile secretion of insulin plays a critical regulatory role in glucose homeostasis, and its 
disruption directly contributes to the pathogenesis of diabetes. In this study, we introduce a mathematical 
modeling framework to investigate the electrophysiological interactions among pancreatic β-cells, 
integrating cellular dynamics with intercellular communication mechanisms. Initially, a single β-cell 
model was developed in Python using ordinary differential equations to simulate membrane potential 
and intracellular Ca²⁺ oscillations. The model was optimized to produce square-wave bursting patterns, 
effectively distinguishing active and silent phases and enhancing biological interpretability. Stability 
and bifurcation analyses were performed to identify parameter domains supporting sustained 
oscillations. The model was extended to a 3D β-cell network composed of 27 cells, where electrical 
coupling was defined via a neighborhood-based adjacency matrix. Intercellular conductance (gc) was 
modeled as a dynamic function of intracellular Ca²⁺ concentration, enabling bidirectional feedback 
between cellular states and coupling strength. Heterogeneity was incorporated by assigning distinct 
gK(ATP) values across the population. Simulations across three coupling regimes revealed that dynamic 
coupling enhances synchronization, though excessive conductance triggers global inhibition. To reduce 
stochastic effects, the network was up-scaled to 125 cells. Furthermore, biologically grounded pathways 
involving cAMP, CREM1, and mRNA intermediates were incorporated to represent calcium-dependent 
regulation of gap junctions more accurately. This multiscale framework offers mechanistic insights into 
β-cell coordination and proposes dynamic connexin-mediated coupling as a potential therapeutic target 
for diabetes intervention. 

Keywords: β-cell networks, computational biology, dynamical systems, network modeling, calcium 
signaling, diabetes, insulin secretion 
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Abstract 

Symbolic data analysis is a set of statistical methods that has gained increasing popularity in recent years 
for analysing complex and large-scale datasets. In this context, interval-valued data have become 
particularly prominent. This is because, unlike classical datasets where each variable takes a single 
value, interval-valued data assign a range to each variable, which makes it possible to represent the data 
in a more compact form while retaining more information. Regression analysis is one of the most widely 
used approaches to explore relationships between interval-valued variables in symbolic data analysis. 
Accordingly, several linear regression models have been proposed to capture such relationships. 
However, comprehensive comparisons of the performance of these models under different data 
structures remain limited. This study aims to evaluate the performance of widely used interval-valued 
regression models through a comprehensive simulation study. The models are assessed using RMSE 
and R² metrics across various dataset configurations. Furthermore, the results of these models are 
discussed on the real dataset. The findings help identify which regression models are better suited to 
specific types of symbolic interval-valued data. 
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Abstract 

In this study, the authors have developed an efficient solution to find the numerical solution of the 
hyperbolic partial differential equation with the help of Artificial Neural Networks (ANN). With this 
method, the numerical solution of the partial differential equation is a computationally intensive process. 
All these intensive processes have been carried out with a method that solves the problem in a shorter 
time and with minimal error. In the Artificial Neural Networks method, the Fibonacci polynomial is 
used as the activation function to systematize the model's learning process. Thus, the numerical solution 
of the wave equation, which is a one-dimensional hyperbolic partial differential equation with specific 
initial and boundary values, is obtained using the ANN method. The solution of the wave equation with 
specific initial and boundary values ensures that the solution is consistent with the boundary conditions 
of the equation while also providing a more straightforward and flexible solution compared to traditional 
methods. 

Keywords: Partial differential equations, artificial neural networks, activation function 
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Abstract 

Mathematical modeling of various real-world processes in mathematical physics often leads to the 
formulation of mixed boundary value problems for partial differential equations. Third-order partial 
differential equations arise in numerous applied contexts, including nonlinear acoustics, hydrodynamic 
models of cosmic plasma, and fluid filtration in porous media (see, e.g., [1–2]). In many physical 
processes, especially those involving memory effects and weak dispersion, integro-differential 
equations of pseudoparabolic type become a powerful modeling tool. These equations are essential for 
describing systems where the evolution depends not only on current but also on accumulated past states. 
Extending these models naturally leads to inverse problems, which play a crucial role in numerous fields 
of science and engineering such as seismology, mineral exploration, biology, medical imaging, and 
computed tomography [3]. Alongside traditional studies focused on parabolic equations, growing 
attention is now directed toward inverse problems involving the identification of unknown kernel 
functions in integro-differential models, particularly those of pseudoparabolic and higher-order types 
[4–5]. This work is devoted to the investigation of an inverse problem concerning the determination of 
an unknown kernel in a third-order integro-differential pseudoparabolic equation with given initial and 
homogeneous boundary conditions, as well as an additional overdetermination condition. By employing 
the method of integral equations and the Green's function, the inverse problem is reduced to a system of 
Volterra integral equations of the second kind. Using the contraction mapping principle, we establish 
sufficient conditions for the existence and uniqueness of the solution. 

Keywords: Inverse problem, integro-differential pseudoparabolic equation, Green function, existence 
and uniqueness solution 
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Abstract 

In this study, an original data analysis and disease prediction model is presented that uses meteorological 
data from past years and utilizes long short-term memory networks and ODEs and FODEs to predict the 
intensity of net blotch disease in spring barley for a specific onset time in the future. In the research, a 
dataset (2021-2024) is created containing meteorological data obtained from the stations closest to the 
examined barley cultivation area of the Turkish State Meteorological Service and the observations of 
field experts of the Kırşehir Provincial Directorate of Agriculture. The following variables were 
collected for each day: minimum temperature, average temperature, maximum temperature, humidity, 
rainfall, wind speed, sun exposure time, actual vapour pressure, dew point temperature. Subsequently, 
the time-dependent variability of meteorological data was converted into a dataset in sliding time 
windows (size = 10 days). The experimental results yielded an accuracy value of 91.79% with stacked-
LSTM, while the RMSE value was recorded as 0.203 in the normalized data. The regression estimate 
derived from the ODE system was subsequently converted into a classification value as (1) present and 
(0) absent according to the threshold value of 0.5 and compared with the real data. This resulted in an 
enhancement of the accuracy value to 92.40%. In the final stage of the experiment, an accuracy value 
of 93.42% was obtained for a 1.06 derivative order with FODE. The findings have demonstrated that 
both the Stacked-LSTM structure and the FODE system are effective in detecting plant diseases, thereby 
significantly contributing to the optimisation of pesticide use in disease control in agriculture. 
Furthermore, the developed system has facilitated the resolution of the correlation between 
meteorological measurements and net blotch disease. 

Keywords: Net blotch, time-series data, meteorological data, stacked LSTM, ODE, FODE 
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Abstract 

This presentation investigates the finite-time blow-up phenomenon for a class of nonlinear triharmonic 
parabolic reaction-diffusion equations. Such high-order models appear in the study of thin film flows, 
phase transition problems, and elastic beam dynamics where the diffusion process is governed by higher-
order derivatives and spatial heterogeneity is significant. The focus of this study is on the blow-up 
behavior of solutions under appropriate initial and boundary conditions. We deal with a sixth-order 
parabolic partial differential equation in which the diffusion operator involves the triharmonic operator 
(i.e., the Laplacian applied three times), and both the diffusion and reaction terms contain exponents that 
vary with spatial position. These variable exponent structures introduce additional mathematical 
challenges, particularly due to the non-uniform growth conditions and the breakdown of standard 
Sobolev embeddings. To address these challenges, we employ the framework of variable exponent 
Lebesgue and Sobolev spaces, which offer analytical flexibility. Our analysis begins by constructing a 
suitable energy functional and studying its temporal evolution. By using contradiction arguments, 
appropriate test functions, and energy estimates adapted to the variable exponent context, we show that 
when the initial energy is positive and integrability conditions are met, the solution blows up in finite 
time. The high-order nature of the triharmonic operator significantly affects the blow-up mechanism and 
requires refined estimates. This work extends existing blow-up theory to higher-order parabolic PDEs 
with non-standard growth, contributing to both theoretical understanding and potential applications in 
heterogeneous media and materials with spatially variable properties. 
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On Stability of L-Fractional Lasota Wazewska Model with 
Piecewise Constant Argument 
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Abstract 

Red blood cells are the most common type of blood cell delivering oxygen to the body tissues via blood 
flow through the circulation system. Approximately 2.4 million new red blood cells are produced in 
bone marrow of human adults and circulate in the body 100-120 days. Each circulation takes about 60 
seconds. Body normally destroys old and faulty red blood cell in the spleen or the other parts through a 
process called homolyses. To model the process of production and destruction of red blood cells in 
animals M. Wazewska-Czyzewska and A. Lasota [1] in 1976 presented the following nonlinear 
differential equation with constant delay 

𝑁𝑁′(𝑡𝑡) = −𝜇𝜇𝜇𝜇(𝑡𝑡) + 𝛽𝛽𝑒𝑒−𝛾𝛾𝛾𝛾(𝑡𝑡−𝑟𝑟), 𝑡𝑡 ≥ 0. 
Here, 𝑁𝑁(𝑡𝑡) is the number of red blood cells at time 𝑡𝑡, 𝜇𝜇 ∈ (0,1) is the probability of death rate of red 
blood cells, positive constants 𝛽𝛽 and 𝛾𝛾 are the production rate of red blood cells in unit time, and 𝑟𝑟 ∈
(0, +∞) is the time elapsed to produce a red blood cell [2]. Differential equations that are using the 
greatest integer function [𝑡𝑡] = 𝑛𝑛, for 𝑛𝑛 ≤ 𝑡𝑡 < 𝑛𝑛 + 1,𝑛𝑛 ∈ ℤ, as argument are called differential equations 
with piecewise constant arguments. As this type of equations have hybrid structure, that is, they include 
the properties of both continuous and discrete equations, they have vast amount of application areas 
ranging from modelling biological phenomenon to control theories [3]. Lasota Wazewska model with 
piecewise constant argument has been studied also in literature [4]. In this study, we consider L-
fractional Lasota Wazewska model with piecewise constant argument. In this model, we find the 
existence and stability of equilibrium points. 
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Abstract 

The Ulam-Hyers stability of functional and differential equations is a branch of mathematics that 
investigates if the original equation is perturbed, then how close the exact solution is to the perturbed 
solution. Since then, many mathematicians have contributed to study this stability of variety of such 
equations [1, 2, 3]. Differential equations of integer order are one of the fundamental tools for 
mathematical modeling of real-world problems. The theory of fractional differential equations is the 
natural extension of a branch of analysis, the theory of differential equations of integer order. In 2017, 
a new type of fractional differential equations, namely deformable fractional differential equations, was 
introduced by Zulfeqarr et al. [4]. In this work we consider several kinds of deformable fractional type 
differential equations. We study Hyers-Ulam stability of these equations by using Banach fixed point 
theorem.  

Keywords: Hyers-Ulam stability, deformable fractional differential equation, Banach fixed point 
theorem 
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Abstract 

Consecutive reactions involve multi-step chemical processes in which a reactant is first transformed into 
an intermediate, which then evolves into a final product. Analyzing such systems often requires more 
flexible approaches that extend beyond classical models. In this context, the present study investigates 
a consecutive chemical reaction model using the Caputo fractional derivative with respect to another 
function. The reaction process is examined under various functional kernels—including exponential, 
logarithmic, and trigonometric forms—and analytically solved via a modified Laplace transform 
technique. Solutions obtained for different fractional orders and kernel functions are presented 
graphically, and the concentration dynamics of the chemical species are analyzed in detail. The results 
demonstrate that this approach offers significant flexibility in modulating reaction rates, either 
accelerating or decelerating them, and contributes to the interpretation of kinetic behaviors not easily 
explained by classical frameworks. This method enables the examination of reaction mechanisms over 
a broader range of parameters and allows for a deeper investigation of kinetic behavior through the 
analysis of solutions. 

Keywords: Chemical kinetics, fractional derivatives, fractional derivatives with respect to another 
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Abstract 

In this paper, we introduce two innovative ways to encrypt data through graph theory and properties of 
matrices. The first method employs a star graph along with a self-invertible matrix for a lightweight 
encryption solution with a huge key space and strong resistance to brute force attacks. The second 
method uses a cyclic graph having permutation matrices for encrypting, causing an increase in 
complexity and non-linearity in the encryption process, and thus certainty in the security. Both 
techniques enjoy cryptographic resistance, which makes them particularly attractive for resources 
constrained including IoT devices. Although this is just an initial exploration experiment, the findings 
show promise for practicality, scalability, and effectiveness, and suggest real world applicability. Further 
work could study the integration of these methods with quantum resistant encryption schemes. The 
proposed encryption methods provide an efficient alternative by using graph structures and linear 
algebra. Unlike traditional number theory-based systems, they reduce computation while ensuring 
security—ideal for real-time and low-power applications. These techniques suit IoT, sensor networks, 
embedded systems, and lightweight blockchains. Their modular design allows easy integration, and 
experiments confirm stability and resistance to basic attacks. Future research may focus on multi-layered 
protocols and hardware performance. This study offers a new path toward lightweight, scalable 
encryption based on discrete math. 

Keywords: Star graph, cyclic graph, self-invertible matrix, permutation matrices, matrix encryption, 
adjacency matrix 
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Abstract 

In the non-classical theory of heat transfer, constitutive relations between heat flux and temperature 
gradient depend on the type of transport [1, 2]. Therefore, this physical relation has been presented with 
different mathematical relations. One of the main reasons for changes in the fundamental relationship 
between heat and temperature, known as Fourier's classical law, is the anomalies that occur in any heat 
transfer for various reasons. Derivative operators with non-local definitions of fractional calculus are 
quite successful in modeling these types of heat transfer problems. In this study, the heat transfer 
problem [3] modeled by the Caputo-Fabrizio fractional derivative [4] with exponential kernel based on 
the Cattaneo's non-classical heat conduction law [5] is considered. In this problem, it is aimed to keep 
the temperature at the boundary of the heated region at the optimum value, thus ensuring that the thermal 
stress resulting from the temperature change during the heating process remains at the desired critical 
value. Integral transform techniques and numerical integration method are combined in solving the 
problem. Numerical results are obtained using MATLAB software. Optimal boundary temperature 
profiles are compared for varying values of problem parameters. 
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Solving the Black-Scholes Equation Using Artificial Neural 
Networks 

Faruk Düşünceli 

Department of Economics, Mardin Artuklu University, Mardin, Türkiye 

Abstract 

In this study, we propose approximate the solution of the Black-Scholes equation using feedforward 
neural networks. The model is trained on a set of collocation points where the differential operator is 
minimized via a loss function incorporating the residual of the equation and the given boundary/initial 
conditions. The performance of the ANN-based solution is evaluated for European call and put options 
and compared against analytical solutions as well as traditional numerical schemes. Our results indicate 
that the neural network approach is capable of achieving high accuracy with relatively low 
computational cost. Moreover, the method demonstrates robustness in scenarios with complex boundary 
conditions or higher-dimensional extensions, where classical methods often struggle. The study 
underscores the potential of physics-informed machine learning models in computational finance and 
highlights future directions, such as extending the model to American options or stochastic volatility 
frameworks. 

Keywords: Black-Scholes equation, artificial neural networks, activation function 
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Abstract 

The most common method for diagnosing brain tumors is the research of magnetic resonance (MRI) 
images. However, the heterogeneous morphological structure of tumor cells makes the correct 
classification of these images complex and difficult process for radiologists. Moreover, considering the 
large volume of datasets and the large number of subtypes of brain tumors, this method is both time-
consuming and prone to human errors [1, 2]. In this context, deep learning-based approaches that can 
provide faster and more accurate results, or at least function as decision support mechanisms, come into 
play and significantly simplify the diagnostic process. In this presentation, we will first conceptually 
introduce artificial neural networks, which form the core of deep learning, and then convolutional neural 
networks (CNNs) [3]. Next, a simple CNN architecture will be proposed for classifying the stages of 
brain tumors, considering the case of brain tumors [4]. Using this developed model, the stage of a brain 
tumor in an MRI image provided as input to the system can be automatically determined using computer-
aided software. The parameters of the proposed CNN architecture were initially determined through a 
trial-and-error method, followed by a genetic algorithm-based optimization process to determine the 
optimal filter size and number of filters to maximize classification accuracy. Additionally, within the 
framework of the transfer learning approach, three pre-trained deep network architectures widely used 
in the literature (AlexNet, SqueezeNet, and GoogLeNet) were retrained to improve the model's 
performance. At the end of the presentation, the performance metrics of all developed models will be 
comparatively evaluated. It has been observed that the proposed convolutional neural network with three 
layers has the highest precision, sensitivity and F1 score with 88% accuracy. 

Keywords: Convolutional neural networks, brain tumor, deep learning 
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Abstract 

This study presents a mathematical model that describes the interactions between cancer cells, immune 
response components, and immunotherapy agents through fractional order differential equations. The 
equilibrium points of the model are identified, and stability analysis is performed to evaluate the 
conditions that lead to tumor persistence or eradication. Furthermore, the existence and uniqueness of 
solutions were examined to ensure the mathematical consistency of the model. To support the biological 
relevance, numerical simulations were performed using the model parameters, and the dynamic behavior 
of the system and its possible therapeutic effects were evaluated. Furthermore, some model parameters 
were considered as control parameters, and to analyze their impact on the spread of cancer, simulation-
based investigations were performed. 

Keywords: Cancer cells, immune response, mathematical model, fractional derivative, equilibrium 
points, existence and uniqueness of solution 
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Warehouse Layout Optimization: An Application in the Paper 
Industry 
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Abstract 

This study addresses the warehouse layout optimization problem faced by a manufacturing company in 
the paper industry. In the current system, cylindrical roll-shaped materials are generally stored in the 
finished goods warehouse without a specific layout. The primary objective of this research is to develop 
a Mixed-Integer Linear Programming (MILP) model that ensures efficient utilization of warehouse 
space. The model aims to maximize vertical space usage and minimize the unused floor area by 
considering the products’ physical dimensions, weight, safe stacking heights, product groups, and arrival 
times. The MILP formulation incorporates constraints related to product heights, weight limits, arrival 
times, and group assignments, ensuring a feasible and safe warehouse layout for cylindrical products. 
The model was implemented using Python and solved with the Gurobi solver, and it was tested on a real 
dataset containing 50 units. The dataset comprises 50 cylindrical rolls of varying dimensions and arrival 
times, allowing the model to be tested under realistic operational conditions. The MILP model was 
solved within a reasonable computation time, making it suitable for both tactical and operational 
planning. The results show that the proposed layout significantly improves storage density and 
operational efficiency, providing a flexible structure that can be extended with larger datasets and 
additional constraints. This study contributes to the literature by presenting a scalable and customizable 
warehouse design approach, particularly applicable to industries dealing with cylindrical products. 

Keywords: Warehouse layout optimization, MILP, space optimization, paper industry 
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Analysis of Vertex Degree-based Indices for Zigzag-shaped 
Chains 

Hatice Çoban Eroğlu 

Software Engineering Department, Doğuş University, İstanbul, Türkiye 

Abstract 

In this talk, we explore the computation and analysis of several degree-based topological indices ([1]) 
for a special class of molecular graphs known as Zigzag chains constructed from 8-cycles ([2]). These 
types of graph structures often emerge in chemical graph theory to represent linear or branched organic 
molecules, especially those with repeating subunits such as polymers or chain-like hydrocarbons. 
Understanding their topological characteristics provides important insights into the molecular properties 
and stability of the compounds they model. We focus specifically on three prominent degree-based 
indices: the Forgotten index (also known as the F-index), the Harmonic index, and the recently 
introduced Sombor index. These indices are derived from the vertex degrees of the molecular graph and 
are known to correlate with various physicochemical properties, including boiling points, enthalpy of 
formation, and molecular branching. The Zigzag chain of 8-cycles represents a repetitive and symmetric 
molecular pattern where each cycle shares an edge with its neighboor, forming a chain-like structure. 
Due to this regularity, recursive methods and closed-form expressions can be developed for computing 
the indices. In this study, we derive such expressions and examine how the indices evolve as the length 
of the chain increases. The comparative behavior of the indices is also discussed with graphical 
illustrations, highlighting structural trends and mathematical properties of the Zigzag 8-cycle chains. 
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The Predictor's Dilemma: Balancing Performance and 
Transparency in Machine Learning Models for Corporate 
Failure 
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Abstract 

Accurate and timely prediction of corporate financial distress is increasingly considered a critical 
component of contemporary risk management. Although machine learning methods provide promising 
tools for this purpose, exclusive reliance on predictive accuracy may obscure crucial trade-offs involving 
model reliability, interpretability, and practical usability [1]. This study comparatively analyzes four 
machine learning approaches—Logistic Regression, Random Forest, XGBoost, and Multi-layer 
Perceptron (MLP)—with particular attention given to the nature, consistency, and computational costs 
associated with model interpretability. Using an expanding-window evaluation on firm-year panel data, 
we assess models not only through conventional classification metrics but also by examining the 
consistency of feature-importance rankings. Interpretability is evaluated through model-specific tools 
and the unified SHAP (SHapley Additive exPlanations) framework. Results indicate that all models 
exhibit strong discriminative capabilities (AUC > 0.90), yet reveal an important trade-off between 
precision and recall. Random Forest demonstrates the most balanced performance (highest F1-Score: 
0.608), making it potentially more suitable for scenarios where false positives and negatives carry 
significant costs. Analysis of feature importance shows broad cross-model agreement on the significance 
of liquidity indicators, notably the Current Ratio, whereas notable divergences appear in how models 
prioritize profitability and leverage metrics, suggesting model architecture significantly affects risk 
perception. Additionally, while SHAP renders MLP interpretable, its reliance on computationally 
intensive KernelExplainer contrasts with the exact and computationally efficient TreeExplainer 
employed by XGBoost [2]. The findings cautiously suggest that optimal model selection for financial 
distress prediction requires a holistic evaluation extending beyond simple accuracy measures. Tree-
based models, particularly Random Forest and XGBoost, seem more favorable in practice due to their 
balanced predictive performance and efficient interpretability [3]. 

Keywords: Machine learning models, corporate failure, financial performance, financial ratios 
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Intelligent IoT-Based Battery Management System for Remote 
Monitoring and Control of Telecom Lithium Banks 

Şükrü Can Erçoban  

Artıtel İletişim A.Ş., İstanbul, Türkiye 

Abstract 

This work presents an IoT-based Battery Monitoring and Management System for distributed telecom 
lithium banks that integrates machine learning to enable predictive maintenance and real-time operations 
[1,2]. Battery modules report voltage, current, temperature, State of Charge (SoC), State of Health 
(SoH), cycle count, cell balancing, and fault events via RS232/RS485 to a central IoT Box that 
aggregates up to six modules in a Master-Slave topology, performs on-edge preprocessing, and securely 
forwards data to cloud or on-prem platforms over VPN with static-IP access [3]. A web dashboard 
provides visualization, alarms, remote configuration, and OTA firmware updates over MQTT/REST for 
interoperable management workflows [4]. The ML layer combines LSTM/GRU time-series models for 
SoC/SoH forecasting and LSTM-autoencoder methods for anomaly detection on 
voltage/current/temperature streams, deploying quantized inference at the edge while retraining in the 
cloud for adaptation and scale [1,2]. For wide-area connectivity, the platform supports NB-IoT/LTE-M 
to achieve deep coverage and low power at remote base stations, leveraging 3GPP specifications for 
CIoT and LTE-M (Releases 13-15) [5-7]. RS-485 ensures robust, multi-drop industrial interoperability 
for legacy and modern battery modules in harsh environments [3]. The hardware is engineered for field 
reliability with extended temperature tolerance, ESD protection, and safe shutdown, while the system 
aligns with IEC 62619 safety requirements for industrial lithium batteries used in stationary applications 
such as telecom power systems [8]. By unifying monitoring, analytics, and maintenance workflows, the 
solution reduces manual site visits, shortens response times, and improves service continuity across 
distributed telecom energy storage [4]. 

Keywords: IoT-based BMS, predictive maintenance, time-series ML (LSTM, Autoencoder), SoC/SoH 
estimation, RS232/RS485 communication, NB-IoT/LTE-M connectivity, edge computing, Telecom 
power systems 
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Abstract 

In this work, we define a new concept of weighted backward shift operators and investigate the 
boundedness and Hyers-Ulam stability of weighted backward shift operators on weighted Hardy spaces 

2Hβ . We introduce the operator j
λΩ  and characterize its boundedness in certain sequences associated 

with the weights. After that, we establish the Hyers-Ulam stability of the weighted backward shift 
operator 

n

j
eϒ  and provide conditions under which stability holds. We further discuss the concept of 

Hyers-Ulam stability constants for the operator jΩ  and show how these constants are related to the 
boundedness of specific sequences. Finally, we solve some examples that some of them are Hyers-Ulam 
stable and others are not HU-stable. 

Keywords: Weighted backward shift operator, weighted Hardy spaces, reproducing kernel Hilbert 
space 
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Abstract 

The integration of machine learning in financial markets has revolutionised trading strategy 
development, with Reinforcement Learning (RL) emerging as a promising approach. This research 
introduces a novel methodology incorporating Topological Data Analysis (TDA) for feature engineering 
in RL-based trading strategies. TDA applies algebraic topology techniques to capture global structural 
information often missed by traditional statistical methods. Our methodology comprises comprehensive 
data collection, TDA feature analysis, combined feature engineering, RL algorithm implementation, and 
performance evaluation. The research addresses three questions: identifying relevant topological 
features for trading, evaluating TDA's impact on RL strategic performance, and exploring optimal 
combinations of TDA-based and conventional features. This interdisciplinary approach bridges 
topological data analysis, reinforcement learning, and quantitative finance, potentially reshaping 
financial data analysis and algorithmic trading methodologies. 
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Abstract 

The study conducted at the Atatürk University Food and Livestock Research and Application Center 
delved into the intricacies of queen bee quality assessment, focusing on both morphological and 
reproductive traits. Analysis of reproductive characteristics revealed significant differences among 
queen genotypes, particularly in pre-oviposition periods, emergence weight, spermatheca diameter, and 
spermatozoa count. Cold-climate queens, such as the Caucasian, Carniolan, and Carpathian genotypes, 
exhibited delayed egg-laying compared to other genotypes. Queens reared from 1-day-old larvae 
exhibited an average pre-oviposition period of 13.29±0.21days. Significant differences (P<0.05) were 
observed among genotypes regarding the pre-oviposition period. Emergence weight, a key indicator of 
queen quality, varied across genotypes. There was no difference between genotypes in terms of 
emergence weight, but larval age affected emergence weight. While the highest diameter of 
spermathecae value was obtained from the Italian genotype, the difference between the genotypes was 
found to be insignificant. The genotypes were divided into two groups in terms of spermatozoa number, 
and it was observed that the Carpathian and Carniolan genotypes were in the first place. The difference 
between genotypes was found to be significant (P<0.05). It was determined that the Caucasian genotype 
stood out in terms of head length, while the Carpathian genotype had the highest values in terms of head 
width. In this study, a significant amount of data was gathered by analyzing multiple parameters. To 
facilitate a clearer understanding of both the associations among the data and their distribution across 
analyzed parameters, principal component analysis (PCA) was applied. PCA has been highlighted as a 
valuable method for simplifying complex multivariate datasets by reducing them to a smaller set of 
principal components. 

Keywords: Honeybee, Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA), 
genotypes, queen reproductive traits, queen morphometry 
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Abstract 

This work introduces a new approach to regularizing a singularly perturbed nonlinear Volterra-type 
integral equation using the Dirac delta function. Unlike the linear case, where integration by parts can 
be applied, this method becomes difficult or inapplicable in nonlinear problems. The Dirac delta 
function, however, proves to be an effective tool for such regularization [1]. The considered equation is 
of the second kind, and the solution is constructed as the sum of a regular component and a boundary 
layer. An extended function with an additional variable is introduced to handle the boundary layer 
behavior. The regular part is solved via quasilinearization, while the boundary layer component is 
computed using quadrature methods. 
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Abstract 

This work focuses on the numerical investigation of the Cauchy problem for a singularly perturbed 
telegraph equation — a fundamental mathematical model describing wave propagation in physical 
media. The telegraph equation plays a key role in accounting for realistic physical barriers and capturing 
the behavior of waves influenced by such discontinuities. In practical applications, telegraph-type 
equations often contain singular perturbation parameters and complex features that arise from the 
modeling of physical phenomena. The presence of a small parameter 𝜀𝜀 > 0 introduces boundary layers 
and significantly complicates the analysis and computation of solutions. As such, developing accurate 
and efficient numerical methods for solving these problems is both theoretically and practically 
important. We consider the following singularly perturbed hyperbolic problem: 

𝜀𝜀2(𝜕𝜕𝑡𝑡2𝑢𝑢 − 𝑎𝑎(𝑥𝑥, 𝑡𝑡)𝜕𝜕𝑥𝑥2𝑢𝑢) + 𝑏𝑏(𝑥𝑥, 𝑡𝑡)𝑢𝑢 = 𝑓𝑓(𝑥𝑥, 𝑡𝑡), (𝑥𝑥, 𝑡𝑡) ∈ 𝛺𝛺, 
with initial conditions 

𝑢𝑢(𝑥𝑥, 𝑡𝑡, 𝜀𝜀)|𝑡𝑡=0 = 0,   𝑢𝑢𝑡𝑡(𝑥𝑥, 𝑡𝑡, 𝜀𝜀)|𝑡𝑡=0 = 0, 
where 𝛺𝛺 = {(𝑥𝑥, 𝑡𝑡): 𝑥𝑥 ∈ (0,1), 𝑡𝑡 ∈ (0,𝑇𝑇]},   and 𝑢𝑢 = (𝑢𝑢1,𝑢𝑢2, … ,𝑢𝑢𝑛𝑛). The functions 𝑎𝑎(𝑥𝑥, 𝑡𝑡), 𝑏𝑏(𝑥𝑥, 𝑡𝑡) and 
𝑓𝑓(𝑥𝑥, 𝑡𝑡) are given and sufficiently smooth. Asymptotic analysis is employed to describe the behavior of 
the solution in the presence of boundary layers formed near 𝑥𝑥 = 0 and  𝑥𝑥 = 1. The constructed 
asymptotic expansion effectively captures the singular behavior of the solution as  𝜀𝜀 → 0, providing 
insight into both the analytical structure and the foundation for developing robust numerical schemes. 
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On the Matlis Duals of Local Cohomology Modules in Mixed 
Characteristics 

Tuğba Mahmutçepoğlu 

Department of Mathematics, Gebze Technical University, Gebze, Kocaeli 

Abstract 

Let (R, m) be a Noetherian local ring and let E denote the injective hull of the residue field, Then the 
Matlis dual of an R-module M is denoted by “D(M)” and defined as D(M) = HomR(M, E). In particular, 
the study of Matlis duals of local cohomology modules has become an active area of research in recent 
years, motivated by their rich applications to the long-standing problems in both commutative algebra 
and algebraic geometry. In this context, the author and Lyubeznik [2] conjectured that if R is a regular 
local ring and HI

i(R)  is a non-zero local cohomology module, then the support of its Matlis dual is the 
entire spectrum of R, SuppR(D(HI

i(R))) = Spec(R), in other words, 0∈ AssR(D(HI
i(R)). This 

conjecture is known as Lyubeznik- Yildirim conjecture and several partial results related to that 
conjecture have been obtained in special some cases. For instance, the conjecture was answered 
affirmatively whenever the underlying ring is of equicharacteristic p>0 by Lyubeznik and Yıldırım, [2]. 
However, in [1], Datta, Switala and Zhang showed that the conjecture does not hold true in the case of 
mixed characteristic. But, in [3], Zhang examined the conjecture in the mixed characteristic case and, 
he obtained some significant results under some mild conditions. In this study, we first mention the 
motivation behind studying Matlis duals of local cohomology modules by considering its relationship 
with one of the classical problems in commutative algebra. Then, we give some recent results problems 
in the mixed characteristic case. Finally, we mention some related open problems. 

Keywords: Local cohomology, Matlis dual, support of a module 
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On the Annihilators of Local Cohomology Modules 
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Abstract 

Let R be a Noetherian commutative ring with unity, I an ideal of R. Then for any R-module M, the i-th 
local cohomology module of M with support in I is defined as  

HI
i(M) = lim

→
ExtRi �R

In� , M�. 

Since its introduction by Alexander Grothendieck in 1961, local cohomology theory has played a 
fundamental role in the study of algebraic geometry and commutative algebra. However, the inherent 
difficulty in understanding local cohomology modules stems from the fact that they are rarely finitely 
generated as R-modules, which complicates the study of their structure. One useful strategy to overcome 
this problem is to endow the local cohomology modules with an additional structure in which they are 
not only finitely generated but also finite length. With this in mind, in [3], Lyubeznik concentrate on the 
ring of differential operators, D=D(R,k), whenever the ring R is either a polynomial or a formal power 
series ring over a field. He showed that if R is of characteristic zero, all local cohomology modules 
HI
i(R) are of finite length as a D(R,k)-module even though they are not finitely generated as an R-module. 

Moreover, by using D-module theory, he proved the significant result which states that over a regular 
local commutative ring containing a field of characteristic zero, the annihilator of any non-zero local 
cohomology module is zero. In this talk, we will first review the basic theory of ring of differential 
operators and their applications to local cohomology modules. We will then provide an alternative proof 
of Lyubeznik’s theorem which was mentioned above. 
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On Newly Defined Szasz–Mirakjan Type Operators and Their 
Approximation Properties 
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Abstract 

The theory of approximation plays an important role in mathematical computation. This area of study 
remains significant and popular among mathematicians. Thus, many studies have been conducted in this 
field so far. One of the primary objectives of this field is to find a better calculable function to 
characterize an arbitrary function. This paper presents newly defined Szasz-Mirakjan Type operators, 
as well as their relationship with the well-known Szasz-Mirakjan operators, and discusses their 
approximation properties. Additionally, comparisons with other operators are presented in the study. 

Keywords: Szasz-Mirakyan operators, modulus of continuity, Voronovskaya type estimation, 
Korovkin type theorem, weighted approximation 
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Abstract 

In this study, we fabricate and investigate a three-species intraguild predation model with a ratio-
dependent functional response [1]. We also incorporate harvesting efforts into both intraguild prey and 
intraguild predators [2,3]. Then, we analyze the dynamical behavior of the proposed model by taking 
the harvesting rate as the bifurcation parameter [4]. We precisely outline the prerequisites for the 
proposed model's existence, stability, and bifurcation near the equilibrium points. It contributes to a 
better understanding of the impacts of harvesting on the survival or extinction of one or more species in 
the proposed model. Furthermore, we derive the suggested model's bionomic equilibrium and optimum 
harvesting policy by using the Pontryagins maximum principle. Finally, we provide some numerical 
simulations to validate the analytical results. In addition, we give some graphical representations to 
validate our results. 

Keywords: Local stability, Hopf-bifurcation, intraguild predation, optimal harvesting 
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Dual Fractional Analysis of Nanofluids via Application of 
Constant Proportional Caputo and Atangana-Baleanu 
Fractional Operators 
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Abstract 

In contemporary times, there has been a significant focus among researchers on hybrid nanofluids 
derived from oils, owing to their remarkable and substantial utility in the domains of engineering, 
mechanics, and industrial applications. This research aims to determine the impact of incorporating 
tantalum and nickel nanoparticles in mineral oil on thermal characteristics and flow patterns, with the 
objective of predicting possible improvements. The dependence of the role of both nanoparticles on their 
shapes is evaluated for column, platelet, lamina, cylinder, and tetrahedron-type shapes. This work 
analyzes the thermal performance of two different nanofluids individually made of tantalum and nickel 
nanoparticles while also examining the synergistic effects. A profound understanding of the intricate 
flow dynamics and thermal energy transfer phenomena along a vertical surface holds paramount 
importance in the pursuit of optimizing heat exchange procedures, formulating effective cooling 
systems, and designing thermally efficient devices. The basic mathematical model is formulated subject 
to free convection, time-dependent flow and heat conditions, and thermal radiation. This governing 
system is made non-dimensional to lessen the intricacy and provide the basis for the utilization of 
fractional operators. In order to assess the effectiveness of fractional modeling techniques, constant 
proportional Caputo (CPC) and Atangana–Baleanu (ABC) derivatives are operated for the model 
generalization. In this study, the Laplace transform is served as a solution procuring technique. To 
interpret modifications in thermal and velocity patterns arising from diverse physical phenomena, 
numerous graphical depictions of exact solutions are communicated. Moreover, the implications of 
varying a number of critical factors are discussed using the tabulated findings. 
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Abstract 

In this study, we consider the upper bound for the blow-up time in nonlinear triharmonic parabolic 
equations with variable exponents. These high-order models are essential for describing complex 
physical phenomena such as nonlocal diffusion, thin plate deformation, and multi-scale transport in 
heterogeneous environments. Our primary aim is to provide an explicit upper bound for the blow-up 
time of classical solutions when the initial energy is positive. The equation under consideration includes 
a sixth-order (triharmonic) operator, along with nonlinear reaction terms whose exponents vary spatially. 
The presence of variable exponents reflects spatial heterogeneity, making the use of variable exponent 
Sobolev spaces a natural and powerful analytical choice. These function spaces allow for a flexible 
treatment of position-dependent nonlinearities, which are common in real-world applications. To 
estimate the blow-up time, we derive a differential inequality involving a carefully defined energy 
functional. By constructing a Lyapunov-type functional and analyzing its time derivative, we obtain a 
lower bound on the energy growth rate. Integration of this differential inequality leads to an explicit 
upper bound for the blow-up time in terms of initial data and the variable exponents. Our results shed 
light on how higher-order diffusion and spatial variability influence the temporal dynamics of blow-up. 
In particular, the triharmonic nature of the operator introduces delicate analytical structures that require 
precise estimates. This work offers a framework that can be extended to broader classes of higher-order 
parabolic equations, paving the way for future research on time estimates in nonlinear PDEs with non-
uniform growth behavior. 

Keywords: Triharmonic equation, parabolic equation, upper bound for the blow-up, variable exponent 
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Abstract 

During the design of aerial vehicles, it is necessary to evaluate the aerodynamic forces acting on the 
vehicle and quantify their effects on overall aircraft performance. To accomplish this, the aerodynamic 
conditions encountered during flight must be accurately reproduced on the ground by directing airflow 
over the vehicle at a specified velocity under controlled conditions. Supersonic Blowdown Wind 
Tunnels (SBWT) enable the creation of controlled ground-based test environments for predetermined 
supersonic flow speeds, providing critical data for design validation [1]. In the literature, stagnation 
pressure control is ordinarily used to maintain a constant flow velocity in test section [1,2]. In this paper, 
mass flow rate-based control is proposed for T-38 SBWT for the first time in the literature. The mass 
flow rate control is implemented to achieve more precise and reliable regulation of the desired flow 
velocity in a SBWT. In a blowdown wind tunnel, air is initially compressed into a storage tank before 
being supplied to the tunnel. During the test, the pressure within the tank decreases gradually over time. 
This pressure variation introduces nonlinearity to the system, complicating the control challenge 
significantly. To address this, the nonlinear system equations were linearized to simplify the control 
design. In this study, the flow control valve’s area is regulated with greater precision to achieve the 
desired mass flow rate. The linearized model is used to develop a PID control algorithm for this purpose. 
Simulations were conducted using this control algorithm for different Mach numbers (1.0-4.0) [3]. At 
the start of the wind tunnel test, the time to reach the target mass flow rate was minimized, thereby 
saving the limited test duration. Within the scope of this study, PID control coefficients calculated based 
on linear dynamic model are tested for nonlinear system for desired performance criteria. The results 
are compared to each other with respect to settling time, rise time, RMSE and overshoot criteria. 

Keywords: Supersonic blowdown wind tunnel, mass flow control, nonlinear system, linearization, PID 
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Is Poisson Enough? A Case for Negative Binomial GLMM in 
Modeling Owl Nestling Call Counts 
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Abstract 

In ecological studies, modeling count data with generalized linear mixed models (GLMMs) [1-3] is a 
widely accepted approach, often relying on the Poisson distribution. However, ecological and behavioral 
datasets—such as vocalization counts in bird species—frequently exhibit overdispersion, where the 
variance exceeds the mean. Ignoring this phenomenon can lead to underestimated standard errors and 
misleading inference. This study investigates the call counts of owl nestlings using a negative binomial 
(NB) GLMM, offering a robust alternative to the conventional Poisson model by explicitly accounting 
for overdispersion. The model includes random intercepts to capture variability at the nest and 
observation session levels, reflecting the hierarchical nature of the data. Estimation is carried out using 
the Laplace approximation and the Adaptive Gaussian Hermite Quadrature (AGHQ) method to improve 
the accuracy of likelihood-based inference in the presence of non-Gaussian random effects [4]. We 
compare Poisson and the NB-GLMMs using Akaike Information Criterion (AIC) [5], Bayesian 
Information Criterion (BIC) [6]. The results indicate that Poisson GLMM provides a better fit for the 
data than the NB-GLMM. This result suggests that overdispersion may not be substantial in this dataset, 
and the simpler Poisson assumption adequately captures the variation in call counts. These findings 
emphasize the importance of evaluating distributional assumptions in ecological count data analysis and 
demonstrate that, in some cases, the Poisson model can offer more parsimonious and reliable estimates 
of effects within a mixed modeling framework. 
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α-ψ-Geraghty Type Contractive Maps in Interpolative Metric 
Spaces: Theoretical Insights and Applications 
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Abstract 

This study establishes a generalized fixed-point theorem for maps satisfying relaxed α-ψ-Geraghty-type 
contractive conditions in interpolative metric spaces, ensuring both existence and uniqueness of fixed 
points. To demonstrate the applicability of the proposed framework, we present two practical 
implementations: (1) an iterative Gaussian filtering approach for image blurring, evaluated using Signal-
to-Noise Ratio metrics and Mean Squared Error, and (2) signal denoising via Savitzky-Golay and 
Gaussian smoothing, embedded within α-ψ-Geraghty type contractive maps. 

Keywords: Image blurring, fixed point, signal denoising 
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Abstract 

This work introduces a novel fractional Kolmogorov-Arnold Network (fKAN) framework for solving 
fractional diffusion equations (FDEs) with singular and multi-scale behaviors. Leveraging Jacobi 
polynomials as adaptive activation functions, fKAN natively encodes the non-local structure of 
Caputo/Riemann-Liouville fractional derivatives, overcoming spectral bias limitations of standard 
MLPs. The architecture employs trainable Jacobi bases to capture sharp gradients near singularities and 
exponentially decaying tails in anomalous transport. Physics-informed loss integrates fractional 
operators via automatic differentiation, while grid extension refines B-spline coefficients adaptively. 
Applications include subdiffusive tumor growth and heterogeneous material aging, establishing fKAN 
as a computationally efficient solver for non-local dynamics.  

Keywords: Fractional Kolmogorov-Arnold network (fKAN), Jacobi polynomial activations, anomalous 
diffusion simulation 
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Abstract 

Important macroeconomic indicators such as exchange rates, gold prices, and inflation trends can be 
analyzed using time series data. Traditionally in an ARIMA model to observe financial changes in a 
country's economy, regression analysis can be performed using the series' own past observations through 
an autoregressive (AR) process. With the moving average (MA) process in this model, the series can be 
evaluated as a regression with a function of the white noise series. Recurrent Neural Networks (RNN) 
model is a type of neural network model adapted for modeling sequential data, such as time series, where 
the order of observations is crucial. As a deep learning structure, an RNN model processes each time 
unit to generate a prediction for the subsequent observation.  Outbreaks such as the COVID-19 pandemic 
are expected to cause a significant recession and crisis in the economies of all countries around the 
world. In fact, since the beginning of the pandemic, significant fluctuations have been observed in the 
dollar and euro exchange rates in the Turkish economy. In this study, in order to measure the impact of 
the during and post COVID-19 pandemic on the Turkish economy, the daily Dollar and Euro exchange 
rates in TRY between March 11, 2020, and August 8, 2025, and also monthly gold bullion prices and 
Consumer Price Index (CPI) values in the same time period were used as the data set taken from the 
Turkish Central Bank. The main findings of this study reveal that while both models predicted the 
general upward trend for these indicators during and the post pandemic, the ARIMA model provided 
superior predictions. As a main conclusion of this study, this superiority is attributed to the more linear 
structure exhibited by the time series trends, which ultimately highlights ARIMA's effectiveness for 
series with such characteristics.  
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prices, consumer price index 
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Abstract 

In higher education institutions, changing internal and external conditions creates intense competitive 
pressure on management and evaluation practices. The objective and rational implementation of 
strategic planning decisions can be achieved through the use of multi-criteria decision-making (MCDM) 
methods. In this study, vision and mission alternatives determined through content analysis and expert 
opinions were evaluated using the AHP, TOPSIS, and VIKOR methods. The AHP method determines 
the importance of criteria through pairwise comparison matrices; TOPSIS ranks alternatives based on 
their distances from positive and negative ideal points; and VIKOR considers conflicting and non-
commensurable criteria in ranking. The aim of applying all three methods was to compare the effects of 
calculation differences on decision outcomes. First, AHP was used to determine criteria weights and 
priorities. Subsequently, these values were used to construct the decision matrices for TOPSIS and 
VIKOR, and the analyses were conducted. Based on the opinions of senate members, the most suitable 
vision and mission alternatives for the institution were identified. 

Vision and Mission Alternatives 
Analysis Method 

AHP TOPSIS VIKOR 
Rank Weight Rank Weight Rank 

To be a leading higher education institution with a well-established 
network of national and international collaborations. (V10.1) 2 0,313 2 0,294 

Pr
er

eq
ui

si
te

s N
ot

 
Sa

tis
fie

d 

To be a strategically significant university in Türkiye, recognised 
worldwide, preferred by students, whose graduates are highly sought 
after, and committed to continuous improvement (V10.2) 

1 0,621 1 0,768 

To be a leading higher education institution that directly contributes 
to the advancement of national science, technology, arts, and sports 
sciences, fosters extensive international collaboration, and embraces 
a student- and stakeholder-oriented management approach. (V10.3) 

3 0,066 3 0,108 

To educate competent individuals who contribute to society in the 
fields of science, technology, arts, and sports. (M10.1) 3 0,128 3 0,030 1 

To be a strategic higher education institution that offers high-quality 
educational opportunities in science, technology, arts, and sports, 
fostering innovation and possessing strong international 
competitiveness. (M10.2) 

2 0,181 2 0,284 2 

To be an innovative and preferred higher education institution with a 
strong international collaboration network, student- and industry-
oriented approach, and advanced R&D infrastructure in agriculture, 
aviation, automotive, and food technologies, capable of responding 
to regional and national needs. (M10.3) 

1 0,691 1 0,773 3 

 

Keywords: Higher education, strategic planning, multi-criteria decision making, AHP, TOPSIS, 
VIKOR 
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Abstract 

This study investigates a mathematically modelling and optimized tracking system for UAV-based aerial 
surveillance, focusing on an Extended Kalman Filter (EKF) for robust multi-object tracking under real-
world constraints such as low resolution, occlusion, and environmental noise. While conventional 
approaches in UAV tracking literature predominantly rely on end-to-end deep learning architectures 
with limited interpretability, our contribution emphasizes the predictive modelling, state estimation, and 
error minimization capabilities of recursive Bayesian filters [1]. Recent advances in sensor fusion and 
state estimation for UAV applications have demonstrated the critical importance of maintaining tracking 
continuity in dynamic environments where traditional methods often fail. The object detection is 
performed using a pre-trained YOLOv12 model, which provides object location priors for the tracking 
stage. Subsequently, the tracking process is formalized as a discrete-time linear system [2]: 
                                         𝑥𝑥𝑘𝑘+1 = 𝐹𝐹𝑘𝑘𝑥𝑥𝑘𝑘  +  𝑤𝑤𝑘𝑘 ,  𝑧𝑧𝑘𝑘𝑥𝑥𝑘𝑘 = 𝐻𝐻𝑘𝑘𝑥𝑥𝑘𝑘  + 𝑣𝑣𝑘𝑘,                                                   (1) 
where 𝑥𝑥𝑘𝑘 denotes the system state (position, velocity), 𝑧𝑧𝑘𝑘 is the observation vector, 𝐹𝐹𝑘𝑘  is the state 
transition matrix, and 𝐻𝐻𝑘𝑘 is the observation model. 𝑤𝑤𝑘𝑘∼𝑁𝑁 (0 ,𝑄𝑄 ) and 𝑣𝑣𝑘𝑘∼𝑁𝑁 (0 ,𝑅𝑅 ) represent process 
and measurement noise, respectively. The EKF extends this model for nonlinearities by linearizing 
around the current estimate [3]. We benchmark EKF performance against DeepSORT as a well-known 
multi-object tracking algorithm on a hybrid dataset combining COCO, VisDrone, and UAVDT datasets. 
Performance metrics such as MOTA, MOTP, ID switch rate, and runtime complexity are used to 
evaluate efficiency and accuracy. Experimental results demonstrate that EKF offers up to 20% 
improvement in robustness under noisy and occluded environments while maintaining real-time 
performance on embedded systems. This work highlights the importance of mathematically grounded 
state estimation models in UAV-based data science applications, wherein interpretable and tunable 
filters offer enhanced reliability compared to purely end-to-end deep learning approaches. 

Keywords: Kalman filter, UAV tracking, mathematical modeling, Bayesian estimation, YOLOv12 
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Lambda Symmetries with Order Reduction and First Integrals 
in the General Parametric Sturm–Liouville Equation 
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Abstract 

The general parametric Sturm–Liouville equation, a second-order linear ordinary differential equation 
with variable coefficients, arises in diverse areas of mathematical physics, including wave propagation 
in nonuniform rods, heat conduction, and quantum mechanics. In its broadest form, this equation is 
written as 

𝑦𝑦′′ +
𝑝𝑝′(𝑥𝑥)
𝑝𝑝(𝑥𝑥) 𝑦𝑦

′ +
𝑞𝑞(𝑥𝑥)
𝑝𝑝(𝑥𝑥) 𝑦𝑦 =

𝑟𝑟(𝑥𝑥)
𝑝𝑝(𝑥𝑥) , 

where the functions 𝑝𝑝(𝑥𝑥), 𝑞𝑞(𝑥𝑥) and 𝑟𝑟(𝑥𝑥) introduce structural heterogeneity and parametric dependence. 
While Sturm–Liouville theory has a well-established role in spectral analysis and boundary value 
problems, the symmetry properties of its general parametric form remain relatively unexplored. In 
particular, λ-symmetries, introduced as a generalization of Lie point symmetries [1,2], offer new 
opportunities for systematic order reduction and the discovery of first integrals. In this study, we apply 
the λ-symmetry framework to the general parametric Sturm–Liouville equation. We derive the 
determining equations for admissible λ-symmetries [3] and examine their capacity to reduce the order 
of the equation. This reduction process enables the construction of first integrals, which provide 
invariants useful for qualitative analysis, asymptotic behavior, and solution stability. We further 
illustrate how λ-prolongations can be systematically implemented and how the reduced equations can 
be addressed both analytically and numerically. Our results show that λ-symmetries go beyond the 
traditional Lie symmetry approach by uncovering hidden invariants that are otherwise inaccessible. The 
findings indicate potential uses in mathematical physics, especially in problems involving nonuniform 
media and operator-based models [2,3]. 
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Abstract 

In this study, a conformable fractional order logistic model is considered. The discretization process is 
used to yield a discrete version of the model. In the discrete model, we examine the stability of the 
equilibrium point and show the emergence of Neimark-Sacker bifurcation for the bifurcation parameter 
𝑟𝑟. In addition, effect of fractional order parameter 𝛼𝛼 and discretization parameter ℎ on the dynamic 
structure of the system are investigated. On the other hand, bifurcation occurring in the discrete system 
is controlled using the OGY method, hybrid control method and exponential type chaos control strategy. 
Finally, numerical simulations are used to verify our theoretical results.  

Keywords: Conformable fractional derivative, discretization, stability, Neimark-Sacker bifurcation, 
chaos control 
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Control Analysis for the Case of Türkiye 
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Abstract 

This study examines the long-term effects of comprehensive structural reforms implemented in Türkiye 
following the 2001 economic crisis. In the aftermath of the crisis, a series of IMF-supported stabilization 
programs were introduced, including financial sector regulations, fiscal discipline measures, 
privatizations, and institutional transformations aligned with the European Union accession process, 
which had lasting impacts on Türkiye’s macroeconomic fundamentals [1]. To estimate these effects 
within a causal inference framework, the Synthetic Control Method (SCM) was applied. This method 
constructed a “synthetic Türkiye” from a donor pool of countries with similar economic and structural 
characteristics but without comparable large-scale reforms during the same period, using 1990–2001 
pre-treatment data [2]. The analysis focused on real GDP per capita (constant prices) [3] and assessed 
post-reform effects for the 2002–2025 period. The findings indicate that in the first decade after the 
reforms, Türkiye’s growth trajectory diverged significantly and persistently in a positive direction from 
that of the synthetic counterpart. However, the 2008 global financial crisis [4] and the 2018 currency 
shock weakened this effect. During 2020–2021, the COVID-19 pandemic caused a sharp decline in real 
GDP per capita, followed by a partial recovery in 2022–2023 [5]. This study highlights the synthetic 
control method as a powerful causal inference tool for evaluating the long-term growth effects of 
economic reforms in Türkiye. The findings emphasize that the impacts of reforms should be assessed 
not only in terms of short-term gains but also in the context of long-term macroeconomic stability and 
development policy. 
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Abstract 

This study aims to develop and evaluate a neural network model for short-term earthquake prediction 
based on seismogram analysis using an LSTM architecture. Unlike most existing studies focused on 
well-instrumented regions such as Japan or California, this work targets Central Asia, specifically the 
Almaty region (within a 333 km radius). Geological conditions in this region—including soil 
composition, mountainous terrain, and high levels of environmental and anthropogenic noise—require 
custom adaptation of both preprocessing and model structure. Training data were obtained from the IRIS 
database [1, 2], focusing primarily on the vertical HHZ component, which clearly captures P-waves. 
The dataset was normalized, segmented into 500,000 balanced windows, and used to train a two-layer 
LSTM model (64 and 32 units) with dropout regularization and sigmoid activation for binary 
classification. The model was trained using the Adam optimizer and binary cross-entropy loss function. 
Evaluation on the test set showed an accuracy of 88.18%, with sensitivity and F1-score supporting its 
effectiveness in distinguishing seismic events from background noise. Visualization of model 
predictions on real seismograms demonstrated its ability to detect events with high confidence and 
minimal false alarms. This approach represents a step toward real-time early warning systems, especially 
for seismically active regions with limited data infrastructure. 
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Abstract 

Data-driven analysis is increasingly used in decision-making. This paper presents the machine learning 
model for accurate and interpretable forecasting of Bishkek housing prices, Kyrgyzstan. Using 9,664 
apartment posts from Kaggle, the model takes into account major real estate attributes such as square 
footage, building, rooms, and condition. In order to model the data, the LightGBM gradient boosting 
algorithm was chosen due to its excellent performance on heterogeneous tabular data and its capability 
to effectively handle missing values and feature interactions. The model resulted in an R² of 0.958 and 
an MSE of 0.0419, which are indicative of high correlation and low prediction error, respectively. The 
research of the most significant features found out that the area, the number of rooms, and the kind of 
building are the strongest factors that influence the apartment prices. These findings not only reveal the 
housing market's urban dynamics but also can be applied for better adjustment of the housing 
affordability policies. Apart from that, this model can also serve as a base for online price systems that 
are aimed at improving the market transparency and cutting down housing misinformation. In addition, 
the model can be adapted to other urban areas of Kyrgyzstan and Central Asia. This helps in the 
implementation of state planning projects and real estate investments in a wider region than only in 
Bishkek. The integration of the real-time model into open dashboards will not only allow continuous 
monitoring but also improve the efficiency of decision-making by stakeholders. 

Keywords: Housing price prediction, machine learning, LightGBM, real estate market, feature 
importance 
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Abstract 

This paper investigates the controllability of a class of nonlinear fractional-order stochastic systems 
characterized by damping, impulsive effects, multiple time-varying delays and Lévy noise. The system 
dynamics are governed by Caputo fractional derivatives and Mittag-Leffler functions, which naturally 
capture memory effects and long-range dependencies. The inclusion of impulses, multiple time-varying 
delays and both continuous and jump-type stochastic disturbances adds significant mathematical 
complexity, making the model suitable for a wide range of real-world and engineering applications. To 
analyse the system, the Laplace transform method is employed to derive an explicit representation of 
the solution, which facilitates the analysis of fractional operators and delay components in the stochastic 
framework. Lévy noise and Wiener processes are used to model the random perturbations, allowing the 
proposed framework to capture both smooth fluctuations and abrupt stochastic jumps observed in 
practical systems. Sufficient conditions for the controllability of the system are established by applying 
the Banach contraction principle along with appropriate stochastic analysis techniques. The results are 
obtained under realistic assumptions on the nonlinearities and the control operator, without requiring 
compactness or invertibility, thereby broadening the applicability and flexibility of the proposed 
framework. A detailed illustrative example is included to demonstrate how the theoretical results can be 
applied to systems influenced by memory, delay, uncertainty and impulsive effects. The proposed 
approach offers valuable insights into the modeling and control of complex stochastic systems that 
experience both gradual and sudden changes in highly dynamic environments. 
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Abstract 

Supplier evaluation is a cornerstone of strategic supply chain management (SCM). As global supply 
chains become increasingly volatile—faced with geopolitical risk, climate disruption, and rapid 
innovation—traditional evaluation models that focus narrowly on cost or quality are no longer sufficient. 
Modern procurement requires a multi-dimensional, dynamic, and resilient decision-making framework. 
Numerous methods have emerged to address this complexity, such as AHP (Saaty, 1980), TOPSIS 
(Hwang and Yoon, 1981), DEA (Charnes et al., 1978), and TCO-based approaches (Ellram, 1993). 
While each has strengths, they often lack integration of real-world constraints such as: 

Non-numeric or expert-driven criteria (e.g., innovation, CSR), 
Supply chain resilience and historical performance, 
The need for quick, explainable deployment by operational teams. 

    To bridge this gap, we propose the Supplier Decision Optimization Method with Synthetic Evaluation 
(SDOMSE), a novel, hybrid multi-criteria decision analysis (MCDA) approach tailored for supplier 
evaluation and selection in dynamic and uncertain business environments. Integrating both quantitative 
performance indicators and qualitative expert judgments, SDOMSE utilizes a simplified AHP, adaptive 
normalization strategies, and introduces a robustness factor to account for historical resilience and risk 
mitigation. Its flexible structure supports iterative updates and sensitivity analysis, making it adaptable 
across sectors such as manufacturing, health, IT, and agro-industry. This paper presents the 
mathematical foundations, methodological structure, and comparative positioning of SDOMSE in 
relation to existing MCDA and procurement models. This positions SDOMSE as an operational yet 
methodologically sound tool, ideal for use in SMEs and large enterprises alike. Finally, we demonstrate 
its application via case studies and simulated datasets. 

Keywords: Supplier selection, multi-criteria decision analysis, uncertain business environments, supply 
chain management 
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Fine-Tuning YOLOv8, YOLOv11, and RT-DETR for Small-
Object Detection in Aerial Imagery 
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Abstract 

Detecting small objects in aerial imagery remains a core challenge in computer vision, especially due to 
minimal pixel size, complex backgrounds, and frequent occlusions. This study evaluates and fine-tunes 
three state-of-the-art object detectors—YOLOv8, YOLOv11, and RT-DETR—on two widely used 
aerial datasets: DOTA v2.0 and VisDrone2019. The goal is to enhance the accuracy of identifying small 
objects (≤32×32 pixels) by optimizing hyperparameters and architectures tailored to these challenging 
datasets. YOLOv11 consistently outperforms its counterparts, achieving 46.2% mAP@0.5 and 31.0% 
small-object AP on DOTA, thanks to multiscale-aware modules like C3k2, SPPF, and C2PSA. 
YOLOv8, while faster in inference (25 FPS at 640×640), yields slightly lower performance at 43.8% 
mAP@0.5 and 28.5% small-object AP. RT-DETR, based on a transformer architecture with no anchors, 
requires extensive tuning—e.g., increasing object queries from 100 to 300—to achieve competitive 
results (41.3% mAP@0.5, 26.7% small-object AP). A grid search is conducted on learning rates, batch 
sizes, input resolutions, optimizers, anchor strategies, and query counts. Results demonstrate the 
importance of dataset-specific anchor clustering (via k-means) and data augmentation (mosaic, mixup) 
for YOLO-based models. In RT-DETR, increasing decoder queries significantly boosts small-object AP 
but at the expense of speed and training time. On VisDrone, a complementary evaluation shows that 
YOLOv11 again achieves the best performance with 51.9% mAP@0.5 and 38.2% small-object AP. 
YOLOv8 follows at 49.6%, and RT-DETR trails at 45.8%. A resource comparison shows YOLOv11 
offers a strong balance: smaller model size (56.9M parameters), solid FPS (~22), and moderate training 
time. In conclusion, YOLOv11 emerges as the most suitable detector for small-object tasks in aerial 
vision, offering strong accuracy with manageable resource demands. Future directions include model 
ensembling, specialized loss functions like focal loss, and semi-supervised training with pseudo-labeling 
to further boost performance. 

Keywords: Small object detection, aerial imagery, YOLO optimization 
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Systems: A Message Prioritization Study 
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Abstract 

This study examines whether temporal weighting can reveal different prioritization patterns in 
educational support message analysis and provide insights for more effective resource allocation. A 
dataset of 769 support messages was collected from a Turkish university's distance education center. 
Two approaches were compared: traditional frequency-based categorization [1] and temporal weighting 
using decay function W_α(t) = (t+1)^(-α) with parameter α = 0.8, adapted from time-decay models in 
information retrieval [2]. Latent Dirichlet Allocation (LDA) topic modeling [3] was applied to identify 
message categories. The temporal approach assigns proportionally higher weights to recent messages to 
examine how priority patterns change over time. Analysis identified seven primary categories: Login 
Problems (410 messages, 53.3%), Live Classes (164 messages, 21.3%), Course Recordings (95 
messages, 12.4%), General Issues (32 messages, 4.2%), Complaints (29 messages, 3.8%), Microsoft 
Teams Issues (21 messages, 2.7%), and Video Issues (18 messages, 2.3%). When temporal weighting 
was applied, low-frequency technical categories (Teams and Video issues) showed significantly higher 
relative importance in recent periods compared to frequency-only ranking, while high-volume login 
problems maintained consistent priority patterns throughout the study period. The temporal weighting 
approach revealed substantially different prioritization patterns compared to simple frequency counting. 
Recent messages received approximately 13-fold higher weights than initial messages over the 18-day 
analysis period, indicating strong temporal dependencies in support request patterns. The methodology 
demonstrates the mathematical feasibility of incorporating temporal factors into educational support 
analysis. However, practical implementation benefits would require validation through response time 
measurements, user satisfaction studies, and resource allocation efficiency assessments.  

Keywords: Distance education, temporal analysis, message prioritization, topic modeling 
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Abstract 

The dynamic behavior of high-order systems is often analyzed using approximated first-order or second-
order models. The similarity between reduced order model and real system is critically important in 
control applications. In this study, high-order system frequently cited in the literature is reduced to first-
order equivalents by means of the Artificial Bee Colony (ABC) algorithm. During optimization, the 
ITAE (Integral of Time-weighted Absolute Error), IAE (Integral of Absolute Error), ISE (Integral of 
Squared Error) and MSE (Mean Squared Error) indices are employed individually or in combination so 
that both transient and steady-state performance can be improved simultaneously. The primary goal is 
to show that ABC delivers higher accuracy and faster convergence than classical order-reduction 
methods such as the Routh–Hurwitz method. For the fourth-order test model the ABC procedure exhibits 
rapid convergence during the initial iterations; the resulting single-pole representation preserves the 
original rise- and settling-time characteristics while reducing steady-state error to a negligible level. In 
the reduction of the eighth-order system, the selected error index decisively shapes the prototype 
dynamics: ITAE yields the fastest error damping, ISE minimises overshoot, IAE suppresses early-time 
error most effectively, whereas MSE provides a balanced—but never absolutely optimal—response 
profile. The modest iteration counts and computation times on the order of seconds indicate that ABC 
can efficiently map high-order dynamics onto single-pole prototypes. Consequently, the method 
constitutes a reliable, fast and practical model-reduction strategy for reference-tracking tasks, energy-
constrained drive systems and embedded-control platforms. Future research will focus on adaptive ABC 
variants that can cope with temperature-induced parameter drift and synchronized multi-motor 
operation, thereby addressing a wider range of industrial requirements. 

Keywords: DC motor, Artificial Bee Colony (ABC) algorithm, order reduction 
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Abstract 

Today, deep learning is widely used in many areas within the biomedical field, such as medical image 
analysis, disease diagnosis, genetic analysis, drug discovery, clinical decision support systems, patient 
monitoring, disease classification, and public health [1]. In this study, hyperparameter optimization was 
performed to improve the performance of deep learning models. Hyperparameter optimization is a 
critical process that aims to determine the optimal values of parameters necessary for the model to 
achieve the best performance. Proper management of this process can significantly increase the model's 
accuracy and overall effectiveness [2]. In this study, the Marine Predators Algorithm (MPA) was 
employed for hyperparameter optimization of Convolutional Neural Network (CNN) models applied to 
biomedical images [3]. Six different deep learning models (VGG16, ResNet50V2, InceptionV3, 
VGG19, MobileNetV2, and DenseNet121) were optimized on two datasets: chest X-rays 
(normal/inflamed) and brain MRI images (normal/tumorous). For each model, five critical 
hyperparameters (learning rate, optimizer type, batch size, dropout rate, and number of epochs) were 
optimized using the MPA algorithm. The optimization was conducted with population sizes of 20 and 
30, and a transfer learning approach was adopted. Notably, the ResNet50V2 model achieved the highest 
accuracy of 92.47% on the chest X-ray dataset and 99.24% on the brain MRI dataset. On the chest X-
ray dataset, the VGG16 model exhibited the greatest improvement, increasing from an initial accuracy 
of 86.21% to 90.22% after optimization—an improvement of approximately 4.01%. The model showing 
the least improvement was DenseNet121, which increased from 88.78% to 90.54%, showing an 
improvement of 1.76%. On the brain MRI dataset, the VGG16 model again showed the greatest 
improvement, increasing from 94.99% to 97.30%, corresponding to an improvement of 2.31%. The 
model with the smallest gain was MobileNetV2, which increased from 98.52% to 99.21%, an 
improvement of 0.69%. 
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Abstract 

The Hodgkin–Huxley (HH) model is a foundational tool in computational neuroscience for describing 
the electrical excitability of neuronal membranes. In this work, we develop an extended HH-based 
framework incorporating three key biophysical enhancements: (i) capacitive memory effects modeled 
via Cole–Cole-type RC ladder circuits, (ii) an M-type potassium current to represent spike-frequency 
adaptation, and (iii) a voltage-gated calcium current enabling plateau depolarizations. The resulting 
system consists of ten coupled nonlinear ordinary differential equations (ODEs), which are numerically 
integrated using the classical fourth-order Runge–Kutta method. To capture spatial signal propagation, 
we augment the temporal dynamics with a diffusion term, yielding a hybrid partial differential equation–
ordinary differential equation (PDE–ODE) system suitable for simulating traveling action potentials 
along a one-dimensional axon. Spatial discretization is performed using a second-order finite difference 
scheme, and Neumann boundary conditions are applied at both cable ends. Simulation results 
demonstrate that the inclusion of memory and adaptation currents significantly modifies firing 
thresholds, inter-spike intervals, and signal propagation speeds, producing neuronal dynamics that more 
closely match experimental observations. The hybrid RK4–FDM approach ensures numerical stability 
under stiff ionic kinetics while preserving computational efficiency. This multiscale modeling 
framework offers a biologically plausible and mathematically robust tool for investigating neuronal 
excitability and has potential applications in network modeling, brain–machine interfaces, and 
neuroprosthetic design. 
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Abstract 

Rough set theory, which consists of approximations derived from equivalence classes obtained using 
equivalence relations, is a mathematical method for resolving ambiguities encountered in daily life. The 
fact that both it and its generalizations have been studied by many people makes the theory popular. In 
this study, we will introduce a new method for spaces obtained by adding the concept of an ideal to 
covering approximation spaces, which are among the generalized rough set models. We will present the 
fundamental properties of the approximations that form the building blocks of the method and illustrate 
their applicability with an example. 
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Abstract 

In this presentation, we investigate null generalized helices in 4-dimensional Minkowski space R_2^4 
with index 2 by using hybrid numbers. The set of hybrid numbers K, introduced by Özdemir [1], is 
identified with the space of 4-dimensional Minkowski space in the same manner as the set of quaternions 
is identified with the 4-dimensional Euclidean space. Bharati and Nagaraj [2] used quaternions and 
spatial quaternions to study the geometry of curves in 4-dimensional Euclidean space. Akbıyık [3] used 
hybrid numbers to examine non-null curves in R_2^4. They defined hybrid curves and examined non-
null hybrid curves.  Null hybrid curves are studied by Alo in [4]. They constructed a null frame for null 
hybrid curves, derived the differential formulas for this frame, and examined null hybrid Bertrand 
curves. Then in [5], author presented null hybrid (1,3) Bertrand Curves and obtained the relation between 
a null hybrid (1,3) Bertrand curve and its associated spatial null hybrid Bertrand curve. Null generalized 
helices in 3- and 4-dimensional spaces are studied in [6]. In this work, we examine null hybrid 
generalized helices. Let Γ(p): I⊆R→K be a null hybrid curve and γ(p): I⊆R→K^p its associated null 
spatial hybrid curve, where p is a distinguished parameter. A null curve Γ in (K,h( ,)) is called a null 
hybrid generalized helix if there exist a constant vector field X such that h(A,X)=const, where A is the 
tangent of Γ. Similarly, a null spatial hybrid generalized helix is defined. We give some characterizations 
for spatial null hybrid generalized helix γ and null hybrid generalized helix Γ. Moreover, we establish 
the relation between a null generalized helix and its associated spatial null generalized helix.   

Keywords: Hybrid curves, generalized helices, null curves  
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Abstract 

Accurate real-time calibration of magnetometers is essential for attitude determination in spacecraft, 
where environmental conditions and onboard disturbances can induce time-varying sensor errors such 
as bias and scale factor drift. This study investigates online calibration of three-axis magnetometers 
using three nonlinear recursive estimation methods: the Extended Kalman Filter (EKF), the Unscented 
Kalman Filter (UKF), and the Cubature Kalman Filter (CKF). The magnetometer is modeled as an affine 
sensor, where the measurement vector is affected by an unknown constant bias and anisotropic scaling. 
Reference magnetic field vectors are derived from the IGRF-14 geomagnetic model and projected into 
the spacecraft body frame using a known or estimated attitude. These values are compared against 
simulated distorted measurements to estimate sensor error parameters in real-time. Each filtering 
technique follows a distinct approach: EKF employs first-order linearization based on Jacobian matrices, 
which can suffer from local approximation errors in highly nonlinear systems. UKF improves this by 
propagating a set of sigma points through the nonlinear functions, offering better accuracy without 
requiring derivatives. CKF, on the other hand, utilizes cubature rules to perform numerical integration 
over Gaussian distributions more symmetrically and accurately, especially in higher dimensions. 
Simulation results demonstrate that while all three filters are capable of converging to the true bias and 
scale factor parameters, CKF consistently outperforms EKF and UKF in terms of estimation, accuracy 
and stability under high sensor noise and model uncertainty. Moreover, CKF shows faster convergence 
in scenarios with dynamic magnetic disturbances, highlighting its potential for use in real-time, 
embedded spacecraft systems. This study provides a comparative evaluation framework and supports 
the adoption of advanced filtering methods for onboard magnetometer calibration in small satellite 
platforms. 
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Investigation of a Modified Method for Solving Partial 
Differential Equations 

Onur Karaoğlu  

Department of Mathematics, Selçuk University, Konya, Türkiye 

Abstract 

There are very few systematic methods for solving differential equations, especially partial differential 
equations. Therefore, numerical or semi-analytical solution methods are frequently used today. While 
numerous methods exist in the literature, modifications of these methods and the combination of the two 
methods under a hybrid form are currently being pursued. The motivations underlying this idea are 
factors such as obtaining more accurate and precise solutions compared to the classical method, faster 
convergence to the solution, and ease of coding. This study examines the Adomian decomposition 
method [1-3], which has existed in the literature for a long time and inspired similar decomposition 
methods. While there are numerous modifications of this method in the literature, one of the most 
accepted is the one proposed by Wazwaz [4]. The improvements made to the method in the 
aforementioned study include faster convergence to the solution and the elimination of the need to use 
Adomian polynomials for some special cases. Essentially, in the classical Adomian method, the initial 
conditions given at the beginning were used directly when applying the method to the problem. 
Subsequently, these initial conditions and some terms from the problem were combined to form an initial 
function necessary for the recurrence relation. The modification involved decomposing this initial 
function into two parts. This study will detail some basic expressions related to the use of the method to 
form the basis for future studies. Furthermore, the effectiveness of the method will be tested for a partial 
differential equation and a system of partial differential equations that we constructed using the inverse 
problem approach. 

Keywords: Adomian decomposition method, modified form, partial differential equation 
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A Novel Encryption Scheme Combining Text-to-Image and 
Fibonacci Sequences 

Oznur Oztunc Kaymak 

Department of Mathematics, Izmir Democracy University, 35140 Karabaglar, Izmir, Türkiye 

Abstract 

Today, the secure transmission of digital information is of vital importance. Encryption/decryption 
methods provide confidentiality and integrity of data for effective protection of sensitive information 
but also contribute to unauthorized access [1]. It is well known that traditional symmetric (e.g. AES, 
DES) and asymmetric (e.g. RSA) encryption methods have some limitations in terms of vulnerability to 
cryptography quantum attacks [2]. To overcome these limitations, researchers are developing text-to-
image encryption algorithms, among many other new methods, to improve text security and efficiency. 
In this method, each letter in the text is converted into three random integers, R for Red, G for Green 
and B for Blue, where the three random numbers generated will represent a pixel in the image file, 
making it difficult for hackers to attack data transmitted over a network [3]. On the other hand, 
encryption algorithms based on the Fibonacci sequence offer a powerful mathematical foundation for 
random masking and transformation of data, and the deterministic nature of the Fibonacci sequence 
enables fast and reliable generation of encryption keys [4,5,6]. In fact, these sequences are becoming 
increasingly popular for IoT devices due to their low computational cost [7]. In this paper, we propose 
a new encryption and decryption method based on the text-to-image method using the Fibonacci 
sequence to overcome these vulnerabilities, since traditional encryption methods are insufficient in 
terms of privacy against quantum attacks. 

Keywords: Encryption, decryption, Fibonacci numbers 
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Abstract 

Drug addiction becomes a global health problem because it spreads socially among individuals. In 
addition to this, it is important to highlight that addiction causes serious psychological and physical 
problems for every individual. Addicts are excluded from their social environments, their family 
relationships are disrupted, and their physical condition deteriorates, which leads to devastating 
consequences for them. It is also important to emphasize that, it is widely recognized that, although it is 
possible to eliminate addiction in its early stages, much like other epidemics, preventive awareness alone 
may not be sufficient as the condition escalates, treatment becomes necessary as addiction escalates, and 
individuals lose self-control. For these reasons, this research addresses the problem of drug addiction 
spreading among individuals. Since drug addiction shows similar dynamics to epidemics, it is modeled 
mathematically using systems of differential equations [1,2]. As a direct consequence of this modeling 
approach, optimal control strategies are implemented in order to prevent the mathematically modeled 
addiction from becoming an epidemic.  Furthermore, the optimal control studies applied in this context 
provide a theoretical basis for eradicating drug addiction more effectively [3]. Simulations of the 
proposed model are generated using Matlab, and the results are presented graphically. By means of these 
simulations, the effects of different optimal control strategies on the model are demonstrated 
comparatively. Due to the evidence presented in these findings, the study not only emphasizes the 
importance of early intervention and preventive action but also provides a solid scientific basis for 
policymakers and healthcare institutions to design more efficient and targeted anti-addiction policies. 

Keywords: Drug addiction, mathematical modelling, optimal control 

References 

[1] Li, J., & Ma, M. (2018). The analysis of a drug transmission model with family education and 
public health education. Infectious Disease Modelling, 3, 74-84. 

[2] Ademosu, J. A., Olaniyi, S., Abimbade, S. F., Chuma, F. M., Ogbonna, R. C., Lebelo, R. S., & 
Okosun, K. O. (2025). Modelling Population Dynamics of Substance Abuse in the Presence of 
Addicted Immigrant with Real Data of Rehabilitation Cases. Journal of Applied 
Mathematics, 2025(1), 2241780. 

[3] Mushayabasa, S., & Tapedzesa, G. (2015). Modeling illicit drug use dynamics and its optimal 
control analysis. Computational and Mathematical Methods in medicine, 2015(1), 383154. 

 Corresponding Author Email: dkaradeniz@balikesir.edu.tr 

https://icmads.org/
mailto:dkaradeniz@balikesir.edu


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   256 

A Data-Driven Framework for Urban Bus Route Optimization: 
LLM-Based Complaint Classification Meets Metaheuristic 
Algorithms 

Seçkin Çiriş1, Murat Ergün2, Murat Karakoyun3  

1 Department of Civil Engineering, Istanbul Technical University, Istanbul, Türkiye 
2 Department of Civil Engineering, Istanbul Technical University, Istanbul, Türkiye 
3 Department of Computer Engineering, Necmettin Erbakan University, Konya, Türkiye 

Abstract 

The optimisation of urban bus routes is of paramount importance in enhancing the efficiency and 
accessibility of public transportation systems. A significant proportion of research in this field 
concentrates on route optimisation from the perspectives of both the user and the operator, with the 
overarching objective being the minimisation of travel time or cost (Li and Kim, 2024; Ma et al., 2024). 
It is evident that these approaches frequently overlook spatial data that is intrinsically associated with 
demand factors. The integration of Point of Interest (POI)-oriented spatial data has the potential to 
enhance efficiency, accessibility and environmental sustainability. This study employs a Large 
Language Model (LLM)-based zero-shot text classification method to analyse over 7000 passenger 
complaint texts received by the Istanbul Electric Tram and Tunnel Company (IETT). Using this 
approach, bus routes with the highest concentration of complaints specifically related to travel time were 
identified. The ten most affected lines were selected as the primary candidates for optimisation, enabling 
a user-centric and data-driven problem definition rooted in real-world operational concerns. The study 
then proposes alternative routes for these ten urban bus routes using two distinct metaheuristic 
algorithms: The Genetic Algorithm and the Ant Colony Optimisation algorithm. This allows the spatial 
and operational performance of the algorithms to be evaluated, with a particular focus on two criteria: 
minimising travel time and distance, and maximising service capability to key POIs. Considering these 
aspects, the study provides a comprehensive analysis of each algorithm’s effectiveness and 
computational efficiency in meeting the varied demands of urban areas. Overall, this research highlights 
the potential of metaheuristic approaches to contribute to data-driven transportation planning by 
enabling efficient, accessible, and POI-oriented public transit solutions. 

Keywords: LLM, Route optimization, metaheuristics, accessibility 

References 

[1] Li, H., Kim, S.K., 2024. Efficient Route Planning for Real-Time Demand-Responsive Transit. 
Computers, Materials and Continua, 79, 473–492. 

[2] Ma, J., Liu, H., Chen, L., 2024. Demand-Responsive Transportation Vehicle Routing 
Optimization Based on Two-Stage Method. Computers, Materials and Continua, 81, 443–469. 

 Corresponding Author Email: ciris16@itu.edu.tr  

https://icmads.org/


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   257 

Computation of the Parabolic Class Number of the Subgroup 
𝑮𝑮𝒑𝒑 
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Abstract 

This paper focuses on the analysis of a particular invariant, the parabolic class number, associated with 
the signature of a special subgroup 𝐺𝐺𝑝𝑝 of the modular group Γ, defined by 

�� 𝑎𝑎 𝑏𝑏
𝑐𝑐𝑝𝑝𝛼𝛼 𝑑𝑑� 𝜖𝜖Γ�𝑎𝑎 ≡ 𝑑𝑑 (mod p)�, 

where 𝑝𝑝 is a prime number and 𝛼𝛼 is a natural number.  

Keywords: Congruence subgroups, parabolic class number, Fuchsian groups 
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On the Subgroup 𝚪𝚪𝟎𝟎 �
𝒏𝒏
𝒉𝒉
� of the Modular Group 𝚪𝚪 
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Abstract 

In this paper, we examine various structural and arithmetic properties of the subgroup Γ0 �
𝑛𝑛
ℎ
� of the 

modular group Γ, defined by 

��
𝑎𝑎 𝑏𝑏
𝑐𝑐 𝑛𝑛
ℎ

𝑑𝑑� 𝜖𝜖Γ�𝑎𝑎, 𝑏𝑏, 𝑐𝑐,𝑑𝑑 ∈ ℤ�, 

where ℎ denotes the largest divisor of 24 such that  ℎ2|𝑛𝑛. 
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Abstract 

In this study, we introduce new varieties of nanocontinuous functions in nanoideal topological spaces 
using the concept of strong beta-I-open sets, defined by Hatir et al. in 2003. The main goal is to define 
the type of homeomorphism that forms the basis of topology. The second leg of the study is to prove the 
existence of isomorphisms for the corresponding continuities between simple graphs. Finally, we 
demonstrate the applicability of our work to real-world problems by using these topological properties 
on some models from medicine and physics. 
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with Time-varying Delays and Levy Noise 
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Abstract 

Stochastic systems play an indispensable role in modelling many real-world phenomena that are 
subjected to randomness and uncertainty. It has wide range of applications in many fields like life 
sciences, physics, chemistry, engineering, finance, economics, etc. The effect of random fluctuations in 
a stochastic system often leads to complex dynamical behaviour and instability, making the analysis and 
control more challenging. Therefore, it is crucial to address the stabilization problem for stochastic 
systems. This paper investigates the stabilization results for stochastic reaction-diffusion systems with 
time-varying delays and Levy noise. Using the backstepping method, an invertible Volterra integral 
transformation is chosen to convert the considered unstable system to the stable target system [1]. This 
transformation helps to eliminate the destabilizing terms that is occurring in the considered system. 
Further, the explicit solution of the kernel involved in the transformation is found by the method of 
successive approximation and it is used for designing the feedback controller. The control uses the 
information of the internal dynamics of the system and prevents the trajectory from diverging. Also, by 
constructing appropriate Lyapunov function [2], sufficient conditions are derived with the help of linear 
matrix inequalities (LMIs) for ensuring the stability of the target system [3]. This in turn guarantees the 
stability of the considered system with control as the chosen transformation is invertible. Moreover, the 
proposed LMI condition involves the effect of delay in the stability analysis and this leads to the precise 
assessment of stability. Finally, the proposed results are verified using numerical examples. 
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Special Canal Surfaces with Darboux Frame and Quaternions 
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Fatsa Vocational School, Accounting, and Tax Applications, Ordu University, 52400, Ordu, Türkiye 

Abstract 

The quaternions represent three-dimensional rotations about an arbitrary axis and offer a solution to 
employ quaternion algebra in kinematics equations. As a result, several new application areas emerged. 
These include diverse fields such as games programming, robotics, animation, aerospace technologies, 
the simulation of camera and navigation systems in differential geometry, the curves are sometimes 
expressed by helping of moving frames. The well-knowns of curves are Bertrand, involute, evolute, 
Mannheim curves. Izumiya and Takeuchi study general properties of cylindrical helices and Bertrand 
curves. Honda and Takahashi examine Bertrand and Mannheim curves of frame curves. Li and Pei 
define involutes and contrapedal curves of spherical curves and examine some properties. The authors 
define involute D-scroll and investigate the differential geometric elements of this surface. Peternell and 
Pottmann show that the canal surface (see [1]) possesses rational parametrizations. They derive 
algorithms for the computation of these parametrizations [2]. Xu et al. investigate analytic and algebraic 
properties of canal surfaces. Moreover, a simple expression for the area and Gaussian curvature of canal 
surfaces are given [3]. Gök examine the canal and tubular surfaces whose centers spherical indicatrices 
of the curve in terms of Alternative frame [4]. In another study, the authors explain the relationship 
between the canal surfaces and split quaternions [5]. In addition, homothetic motions play an important 
role in the generation of geometric objects. For instance, two- and three-dimensional regions obtained 
from such motions have been previously examined in the literature [6]. In this paper, we show that canal 
and tubular surfaces can be obtained by special curves. Also, we compute the equations of these surfaces 
with the Darboux frame and obtain some corollaries for special curves. Besides, these surfaces are 
obtained by quaternion and homothetic motion. 
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Special Magnetic Curves and Flux Surfaces 
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Abstract 

In a three-dimensional Riemannian manifold (𝑀𝑀3; ⟨, ⟩), the magnetic curves are the paths that charged 
particles follow as they act under the effect of a magnetic field F. These curves can be set by solving the 
Lorentz equation ∇γ′γ′ = ϕ(γ′), where ∇ is the Levi-Civita and 𝜙𝜙 is the Lorentz force corresponding to 
F. If a charged particle moves without the influence of a magnetic field, its trajectory traces a geodesic. 
When a charged particle moves along a regular curve, its kinematic and geometric properties are 
characterized by the tangent, normal, and binormal vectors. These vectors, along with the time 
dimension, affect the path of the charged particle as it moves in a magnetic field [1,2]. A regular curve 
whose position vector is composed of Frenet frame vectors on another regular curve is called a 
Smarandache curve in the Euclidean and Minkowski spaces [3,4]. Several studies also established 
intriguing results by taking different frames and special curves. The aim of this paper is to introduce the 
magnetic Smarandache curves in Euclidean 3-space. The necessary conditions for a vector field to be a 
Killing vector field are obtained. Moreover, our focus is on exploring the magnetic Smarandaches curves 
that are obtained on the flux surfaces. We describe these curves using the Darboux invariants and define 
the Killing vector fields using the Darboux frame. Furthermore, we examine some properties of the flux 
surfaces. Finally, we define the magnetic flux ruled surfaces constructed by magnetic vector fields along 
magnetic Smarandache curve and obtain developability conditions for the surface according to their 
curvature functions. 

Keywords: Magnetic curve, killing vector field, Flux surface 
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Abstract 

In this work, we consider the following two-dimensional stationary diffusion problem with variable 
coefficients  

𝑟𝑟(𝑥𝑥1)𝑢𝑢𝑥𝑥1𝑥𝑥1(𝑥𝑥1, 𝑥𝑥2) + �𝑝𝑝(𝑥𝑥1)𝑢𝑢𝑥𝑥1(𝑥𝑥1, 𝑥𝑥2)�
𝑥𝑥1
− 𝑞𝑞(𝑥𝑥1)𝑢𝑢(𝑥𝑥1, 𝑥𝑥2) = 0,   𝑎𝑎 < 𝑥𝑥1 < 𝑏𝑏,   𝑐𝑐 < 𝑥𝑥2 < 𝑑𝑑 

and Dirichlet boundary conditions 
𝑢𝑢(𝑎𝑎, 𝑥𝑥2) = 𝑓𝑓1(𝑥𝑥2),    𝑐𝑐 ≤ 𝑥𝑥2 ≤ 𝑑𝑑, 
𝑢𝑢(𝑏𝑏, 𝑥𝑥2) = 𝑔𝑔1(𝑥𝑥2),    𝑐𝑐 ≤ 𝑥𝑥2 ≤ 𝑑𝑑, 
𝑢𝑢(𝑥𝑥1, 𝑐𝑐) = 𝑓𝑓2(𝑥𝑥1),    𝑎𝑎 ≤ 𝑥𝑥1 ≤ 𝑏𝑏, 
𝑢𝑢(𝑥𝑥1,𝑑𝑑) = 𝑔𝑔2(𝑥𝑥1),    𝑎𝑎 ≤ 𝑥𝑥1 ≤ 𝑏𝑏, 

where 𝑟𝑟(𝑥𝑥1) > 0, 𝑝𝑝(𝑥𝑥1) > 0, 𝑞𝑞(𝑥𝑥1) > 0, 𝑓𝑓1(𝑥𝑥2), 𝑓𝑓2(𝑥𝑥1),𝑔𝑔1(𝑥𝑥2),𝑔𝑔2(𝑥𝑥1) are continuous functions, and 
𝑝𝑝(𝑥𝑥1) is differentiable. To solve this problem, we apply the second-order finite difference scheme [1]. 
After application of the scheme, we obtain a large system of linear algebraic equations with block-
tridiagonal matrix. To solve this system, we use the direct parallel matrix sweep method [2]. We 
implement the resulting numerical algorithm for the multicore processors using the OpenMP technology 
and Intel MKL library. We perform a series of experiments to study the performance of the parallel 
algorithm. We achieved a speedup of 2.5 times on the 16-core processor in comparison to the serial 
algorithm. 

Keywords: Differential elliptic problems, finite difference schemes, parallel algorithms 

Acknowledgements 

This work was financially supported by the Science Committee of the Ministry of Science and Higher 
Education of the Republic of Kazakhstan (project No. АР23487362). 

References 

[1] Samarskii, A. A., Nikolaev, E. S. (1989). Numerical Methods for Grid Equations, Volume I: 
Direct Methods. Birkhäuser: Basel, Switzerland. https://doi.org/10.1007/978-3-0348-9272-8_1 

[2] Akimova, E. N., Sultanov, M. A., Misilov, V. E., & Nurlanuly, Y. (2023). Parallel Algorithm for 
Solving the Inverse Two-Dimensional Fractional Diffusion Problem of Identifying the Source 
Term. Fractal and Fractional, 7(11), 801. https://doi.org/10.3390/fractalfract7110801 

 Corresponding Author Email: murat.sultanov@ayu.edu.kz  

https://icmads.org/
mailto:murat.sultanov@ayu.edu.kz


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   264 

Representation of Primes Through Normalizers of Hecke 
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Abstract 

The normalizer of the Hecke congruence subgroup  𝛤𝛤₀(𝑁𝑁) in 𝑃𝑃𝑃𝑃𝑃𝑃(2,ℝ) is denoted by 𝑁𝑁(𝛤𝛤0(𝑁𝑁)), 

consists of matrices of the form 𝑀𝑀 =  � 𝑎𝑎𝑎𝑎 𝑏𝑏/ℎ
𝑐𝑐𝑐𝑐/ℎ 𝑑𝑑𝑑𝑑 �, where  ℎ is the maximal divisor of 24 with ℎ²|𝑁𝑁,  

𝑒𝑒 exactly divides 𝑁𝑁/ℎ² (denoted 𝑒𝑒‖(𝑁𝑁/ℎ2)), the determinant condition 𝑎𝑎𝑎𝑎𝑎𝑎² −  𝑏𝑏𝑏𝑏𝑏𝑏/ℎ² = 𝑒𝑒  holds. 
This group plays a fundamental role in moonshine theory and arithmetic geometry [1,2]. This study 
investigates the relationship between prime numbers of a specific form and the structural properties of 
modular groups, particularly focusing on the normalizer 𝑁𝑁(𝛤𝛤0(𝑁𝑁)). We show the conditions under 
which the action of this normalizer on the extended rationals ℚ�  is transitive or primitive. For the 
level 𝑁𝑁 = 23 ⋅ 32 ⋅ 𝑝𝑝2 (where 𝑝𝑝 > 3 is prime), we demonstrate that the action is not transitive on ℚ�  but 
identifies a maximal subset where transitivity holds. Furthermore, we prove that the action is 
imprimitive, partitioning ℚ�  into two distinct blocks. From [3], we analyze the structural properties of 
directed graphs within these blocks. Then, we establish conditions for the existence of self-paired edges, 
quadrilaterals, or triangles in these graphs, linking them to the representation of primes by quadratic 
forms. This work bridges group theory and number theory through combinatorial and geometric 
approaches to classical problems. These results demonstrate how group-theoretic frameworks can 
expose fundamental arithmetic structures, particularly the representation of primes as sums of two 
squares. 

Keywords: Congruence equation, normalizer, Hecke group  
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Optimization via Grover's Algorithm on Quantum Qutrit 
Systems 
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Abstract 

This study presents a novel application of Grover's quantum search algorithm in high-dimensional qutrit 
(ternary quantum) systems to solve a complex logistics optimization problem. We model a distribution 
network with five regions, each offering three delivery strategies encoded as qutrit basis states. By 
adapting Grover's algorithm to qutrits, we design: a generalized ternary Hadamard gate for superposition 
initialization, an oracle operator identifying valid solutions under time constraints, and a diffusion 
operator amplifying optimal low-cost states. Theoretical and simulation results demonstrate that the 
qutrit framework reduces the search space from 1,024 states (qubit implementation) to 243 states while 
achieving 95% solution probability in just one iteration—outperforming qubit-based approaches 
requiring three iterations for 99% success. This work validates the quadratic speedup advantage of qutrit 
systems for multi-state optimization problems and provides a resource-efficient quantum framework for 
logistics planning. 

Keywords: Quantum optimization, qutrit systems, Grover’s algorithm 
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Abstract 

BERT’s transformer architecture [1], which employs self-attention to capture contextual dependencies 
within text, continues to set state-of-the-art benchmarks on diverse NLP tasks, including sentiment 
analysis [2, 3], text categorization [4], text chunking [5], and hate-speech detection [6, 7]. We report a 
five-fold cross-validation (𝑘𝑘 = 5) benchmark of seven Turkish BERT variants for automatic 
classification of Ottoman court records (kadı sicilleri). Using 26564 documents from the Konya courts 
manually annotated into seven legal categories, we compare multilingual (mBERT) and Turkish-specific 
models (BERTurk, ConvBERT-Turkish, ELECTRA-Turkish, DistilBERT-Turkish, Turkish-NER-
BERT). The BERTurk-uncased model attains the highest mean accuracy (85.96 %) and macro-F1 
(0.828), whereas DistilBERT-Turkish offers the best efficiency, incurring only a 1.7 % accuracy drop 
(84.23 %) while reducing training time from 2102 s to 571 s—approximately 3.7 times faster. These 
findings furnish practical guidelines for selecting transformer architectures in digital-humanities 
pipelines and contribute to the ongoing preservation and accessibility of Ottoman documentary heritage. 

Keywords: Turkish NLP, BERT, Ottoman documents, historical text classification, transformer models 
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Abstract 

This study focuses on a new approach to Total Variation (TV) based classical image denoising models, 
developed with a structural improvement in the regularization term. Although the classical TV 
regularization used in the ROF model proposed by Rudin et al. (1992) is successful in preserving edges, 
it can cause oversmoothing and loss of detail in some cases. In this context, studies focusing on the 
development of smoothing functions based on Bezier curves (Şahiner et al., 2021; Şahiner & Yılmaz, 
2024; Şahiner & Ibrahem, 2019) constitute the basis for the design of the new regularization term. The 
developed algorithm is effectively solved within the framework of the binary method proposed by 
Chambolle (2004), the primary-binary algorithms developed by Chambolle and Pock (2011) and the 
important algorithms developed for the ROF model in literature. Experimental results show that the 
proposed model exhibits superior performance compared to the classical ROF model in terms of both 
structural similarity (SSIM) and peak signal-to-noise ratio (PSNR). Tests on natural and medical images 
revealed that the noise suppression process is performed with higher contour accuracy and structural 
consistency thanks to the new regularization term. These findings confirm that the structural 
regularization approach based on Fourier series and Bezier curves offers an innovative contribution to 
the field of image denoising. 
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Abstract 

The theory of μ-symmetries extends the classical Lie symmetry framework by introducing a deformation 
in the prolongation of vector fields through a horizontal 1-form μ, enabling the reduction of partial 
differential equations (PDEs) that are not amenable to standard symmetry analysis (Cicogna, Gaeta & 
Morando, 2004). While μ-symmetries have been successfully applied to nonlinear dispersive equations 
such as the Camassa–Holm and Gardner equation (Gaeta, 2009; Orhan & Özer, 2019), their application 
to the classical wave equation appears unexplored in the existing literature. In this study, we investigate 
the μ-symmetries of the (1+1)-dimensional wave equation and its generalizations with variable 
coefficients and damping terms. By constructing the μ-prolongation operator and solving the 
determining equations, we obtain new symmetry generators parameterized by specific choices of μ that 
do not correspond to any Lie point symmetries. The resulting μ-reductions lead to novel invariant 
solutions, including certain traveling and self-similar wave profiles not derivable via the classical 
method. Furthermore, employing the μ-variant of Noether’s theorem (Gaeta, 2010), we derive deformed 
conservation laws for the wave equation, yielding modified energy momentum fluxes consistent with 
the μ-deformed variational structure. The approach demonstrates that μ-symmetries can reveal hidden 
structural properties of even the most fundamental PDEs in mathematical physics. This work thus opens 
a new direction for symmetry-based analysis of wave-type equations and lays the groundwork for further 
applications in nonlinear wave models and variable media. 
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Abstract 

This study presents a brief review of research on the use of Riemannian geometric methods to generalize 
Convolutional Neural Network (CNN) approaches. In particular, studies applying CNNs to data on 
curved spaces have shown that Riemannian geometry can help preserve certain invariance properties of 
the methods. These findings suggest that such approaches may enhance the effectiveness of deep 
learning techniques in complex geometrical settings. 

Keywords: CNN methods, Riemann geometry, deep learning 
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Abstract 

In this study, the approximation characteristics of the q-analog of the modified Gamma operators defined 
by Özçelik, Kara, Usta and Ansari in weighted spaces were examined. In addition, it has been shown 
that the new operators obtained by modifying the newly identified Gamma operators take a better 
approximation. 

Keywords: Gamma operators, modulus of continuity, Voronovskaya theorem, Korovkin type theorem, 
Shape preserving approximation 

References 

[1] Rempulska, L., and Skorupka, M. (2007). Approximation properties of modified gamma 
operators. Integral Transforms and Special Functions, 18(9), 653-662. 

[2] Becker, M. (1978). Global approximation theorems for Szasz-Mirakjan and Bas 
[3] kakov operators in polynomial weight spaces. Indiana University Mathematics Journal, 27(1), 

127-142. Ditzian, Z., and Totik, V. (1987). Moduli of smoothness Springer.  
[4] Natanson, I. P. (1964). Constructive Function Theory. Frederick Ungar Puplishing Co. 
[5] Bernstein, S. (1912). Demo istration du theoreme de Weierstrass fondee sur le calcul des 

probabilites. Communications of the Kharkov Mathematical Society, 13 (1), 1-2. 
[6] Bohman, H. (1952). Sürekli ve analitik fonksiyonların yaklaşımı üzerine. Matematik için Arxiv, 2 

(1), 43-56. 
[7] Korovkin, P. P. (1953). On convergence of linear positive operators in the space of continuous 

functions. In Dokl. Akad. Nauk SSSR (Vol. 90, No. 953, pp. 961-964).  
[8] Lupa¸ s, A., & Müller, M. (1967). Approximationseigenschaften der Gammaoperatoren. 

Mathematische Zeitschrift, 98(3), 208-226.  
[9] Zeng, X. M. (2005) Approximation properties of gamma operators, Journal of mathematical 

analysis and applications, 311(2) 389–401. 
[10] Lupas, A. (1987). A q-analogue of the Bernstein operator, University of Cluj-Napoca Seminar on 

Numerical and Statistical Calculus. Preprint, 9, 85-92. 
[11] Phillips, G. M. (2003), “Bernstein polynomials,” in Interpolation and Approximation by 

Polynomials, 247–290.  
[12] Phillips, G. M. (2000). A generalization of the Bernstein polynomials based on the q-integers. 

The ANZIAM Journal, 42(1), 79-86. 
[13] Oruç, H. ve Tuncer, N. (2002). q-Bernstein polinomlarının yakınsama ve yinelemeleri üzerine. 

Yaklaşım Teorisi Dergisi, 117 (2), 301-313. 
[14] S. Ostrovska, (2003), “q-bernstein polynomials and their iterates,” Journal of Approximation 

Theory, 123(2), 232–255.  

 Corresponding Author Email: muhammetcivelek@ktu.edu.tr 

 

 

https://icmads.org/
mailto:muhammetcivelek@ktu.edu.tr


The 1st International Conference on Mathematics and Applied Data Science (ICMADS’25) 
29-31 August 2025, Konya, Türkiye 

 
 https://icmads.org   271 

Machine Learning Meets Hospitality: Explainable AI in Hotel 
Booking Cancellations 

Ozan Evkaya1, Reuben Forman1, Jiajun Li1, Yuhang Zheng1  
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Abstract 

Hotel booking cancellations pose significant challenges for hoteliers, who risk losing out on business if 
customers cancel one-fifth of all their stays, and hence revenue. In the era of Artificial Intelligence (AI), 
the potential impact of new AI technologies could give us a chance to handle the risk of hotel 
cancellations. At the same time, these new AI technologies might also face the problem of lack of 
interpretability, which might hinder real-world hotel management decisions. This study explores the 
application of Explainable Artificial Intelligence (XAI) tools to bridge this gap, providing insights into 
the key factors influencing cancellations while maintaining high predictive accuracy. For this purpose, 
the considered dataset of hotel bookings comes from the booking systems of two real hotels and reflect 
bookings made between July 1st, 2015 through August 31st, 2017. One of the hotels (H1) is a Resort 
hotel and the other (H2) is a city hotel having the same structure, with 31 variables describing the 40,060 
observations of H1 and 79,330 observations of H2. We considered multiple machine learning models, 
including Logistic Regression, Random Forest, LightGBM, and Neural Networks, to predict 
cancellation probabilities. To enhance model interpretability, we leverage the method of Shapley 
Additive Explanations for both instance and dataset level explanations. Additionally, we look at the 
Variable Importance Method (VIM) for dataset level explanations. Our main numerical results reveal 
that lead time, deposit type, and booking agent are among the most influential predictors of 
cancellations. 

Keywords: Hotel booking, explainable AI (XAI), machine learning, Shapley value, variable importance 
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Abstract 

The utilization of bioassay techniques is common for examining how allelochemicals affect plant 
processes. In general, at higher allelochemical concentrations, processes are impeded, whereas at lower 
ones, they are boosted. A mathematical model is developed to analyze this kind of reaction. It is assumed 
that the response of the plant organism is proportional to the allelochemical dose. This plant response is 
studied for delayed allelochemical dose using time delay differential equation. The feasible non-zero 
equilibrium point is examined, and the stability analysis is studied about the equilibrium point. The 
system is stable if the delay in allelochemical dose does not cross a fixed critical value. However, the 
system exhibits limit cycles via Hopf-bifurcation when delay parameter crosses the fixed critical value. 
Furthermore, in the situation that the diffusion coefficient transpires. Additionally, it exists within the 
event exhibiting the diffusion coefficient. Analytical results are supported by MATLAB. 

Keywords: Allelochemical, plant response, stability, Hopf-bifurcation, time delay differential equation 
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