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The Tenth International Conference on Computational Mathematics and Engineering 

Sciences (CMES-2026) will be held in Beykent University from 24- to 26 April 2026 in İstanbul, 

Türkiye. The symposium to be held this year is also significant as it is being organised in honour of 

Prof. Dr Etibar Penahlı’s 70th birthday. It provides an ideal academic platform for researchers and 

professionals to discuss recent developments in both theoretical, applied mathematics and 

engineering sciences. This event also aims to initiate interactions among researchers in the field of 

computational mathematics and their applications in science and engineering, to present recent 

developments in these areas, and to share the computational experiences of our invited speakers and 

participants. 
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MESSAGE FROM THE GENERAL CHAIRS 

          

Dear Conference Attendees, 
We are honored to welcome you to the Tenth International Conference on Computational 

Mathematics and Engineering Sciences (CMES-2026) at Beykent University from 24 to 26 April 
2026 in Istanbul City, Türkiye.  
             CMES, founded in 2016 at Faculty of Science and Techniques Errachidia Moulay Ismail 
University Morocco is an annual intarnational conference, which was very successful in the past years 
by providing opportunities to the participants in sharing their knowledge and informations and 
promoting excellent networking among different international universities. This year, the conference 
includes 200 extended abstracts, several submissions were received in response to the call for papers, 
selected by the Program Committee. The program features keynote talks by distinguished speakers 
such as:  
Nikolay A. Kudryashov from National Research Nuclear University MEPhI, Russia; Aly R. 
Seadawy from Taibah University, Saudi Arabia; Yeliz Karaca from University of Massachusetts 
Chan Medical School, USA, Javid Ali  from Department of Mathematics , Aligarh Muslim 
University, Aligarh, India; Adil Jhangeer from VSB-Technical University of Ostrava, Czech 
Republic; Varga Kalantarov from Koç University, Türkiye, Yusif Gasimov from Azerbaijan 
University, Azerbaijan. The conference also comprises contributed sessions, posters sessions and 
various research highlights. 
               We would like to thank the Program Committee members and external reviewers for 
volunteering their time to review and discuss submitted abstracts. We would like to extend special 
thanks to the Honorary, Scientific and Organizing Committees for their efforts in making CMES-
2026 a successful event. We would like to thank all the authors for presenting their research studies 
during our conference. We hope that you will find CMES-2026 interesting and intellectually 
stimulating, and that you will enjoy meeting and interacting with researchers around the world. 

. 
Hasan Bulut,  

Firat University, Elazig, Türkiye. 

Zakia Hammouch,  

ENS Meknes, Moulay Ismail University Morocco  

Thu Dau Mot University, Binh Duong Province, Vietnam  

China Medical University Hospital Taichung 40402, Taiwan. 
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TOPICS 

 

Control Theory, 

Game Theory, 

Applied Mathematics, 

Financial Mathematics, 

Artificial Intelligence, 

Education Sciences, 

Engineering Sciences, 

Computer Science, 

Information Technology, 

Geometry and Its Applications, 

Analysis and Its Applications, 

Statistics and Its Applications, 

Algebra and Its Applications, 

Topology and Its Application, 

Chaos and Dynamical Systems, 

Cryptography and its Applications, 

Fractional Calculus and Applications, 

Economics and Econometric Studies, 

Electrical and Electronic Engineering, 

Defense industry and applications, 

Mathematical Biology, 

Computational Epidemiology, 

Mathematical Chemistry, 

Mathematics Education and Its Applications, 

Numerical Methods and Scientific 

Programming, 

Linearand Nonlinear programming and 

Dynamics, 

Modeling of Bio-systems for Optimization 

and Control, 

Ordinary, Partial, Stochastic and Delay 

Differential Equations, 

Computational Fluids mechanics. Heat and 

Mass Transfers, 

Earth Sciences, 

Applied Sciences 
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Prof. Dr. Orhan Baş, Rector of Ordu University, Ordu, Türkiye 

Prof. Dr. Orhan Gemikonaklı, Rector of international Final University, Girne, Cyprus 

Assoc. Prof. Dr. Saadet Aliyeva, Rector of Azerbaijan University, Azerbaijan 

Prof. Dr. Ouazzani Jamil Mohamed, Vice President of Universite Privee of Fes, Morocco 

Prof. Dr. Yusif Gasimov, Azerbaijan University, Baku, Azerbaijan 

Prof. Dr. Brodsky Mikhail (President Lincoln University / USA) 

Prof. Dr. Adalat Samadov (First Vice-rector of Azerbaijan National Aviation Academy) 

Prof. Dr. Vilayat Valiyev (Rector of Azerbaijan Technical University) 
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Şevket Ertem, Member of the Board of Trustees at the Final Int. University, Girne, Cyprus 

İzzettin Toraman, Chairman of the Board of Toraman Tekstil 

Selahattin Yildiz, Chairman of the Board of Hasyil Energy 

 
SCIENTIFIC COMMITTEE 

Abdellah Rababah (University of Science and Technology Irbid, Jordan) 

Abdellah Rezzouk (Sidi Mohamed Ben Abdellah University, Morocco) 

Abdelmjid Bouazizi (ENS Moulay Ismail University Morocco) 

Abdelaziz Sbai (EST Moulay Ismail University, Morocco) 

Abdelouahed Alla Hamou (FS, Mohamed V University Rabat, Morocco) 

Abdulhamit Subaşı (University of Turku, Finland) 

Abdulkadir Karakaş (Siirt University, Türkiye) 

Abdullah Çağman (Agrı İbrahim Cecen University, Türkiye) 

Abdullah Kopuzlu (Ataturk University, Türkiye) 

Abdullahi Yusuf (Fırat University, Elazığ, Türkiye) 

Adnène Arbi (University of Carthage, Tunisia) 

Agamirza Bashirov (Eastern Mediterranean University, Cyprus) 

Ahmed Elngar (Beni Suef University, Egypt) 

Ahmet Bedri Özer (Firat University, Elazığ, Türkiye) 

Ahmet Dumlu (Erzurum Technical University, Türkiye) 

Ahmet Ocak Akdemir (Agrı İbrahim Cecen University, Türkiye) 
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PROCEEDINGS 
Full version of submitted papers will be published in Special Volumes of reputed journals. Procedure, 
Guidelines and Checklist for the preparation and submission of papers to the Proceedings of CMES-
2026 can be found in the journals websites. The journals in which selected and peer-reviewed full papers 
of CMES-2026 will be published are as follows: 
 
1. BOOK OF ABSTRACTS [Free of charge]  
If Authors submit ABSTRACT TEXTS, then, after 
getting referees evaluations for these abstracts, they 
will be published in ABSTRACT PROCEEDING 
BOOK of CMES-2025. For FULL TEXT PAPERS, 
Authors have to submit their FULL TEXT PAPERS 
online via submission system of CMES-2025. These 
FULL TEXT PAPERS will be published in FULL 
TEXT PROCEEDING BOOK of CMES-2025 after 
getting at least two positive reports. 
2. CONFERENCE PROCEEDINGS [Free of 

charge] 
At the beginning, if Authors submit FULL TEXT 
PAPERS, then, after getting at least two positive 
referee reports, FULL TEXT PAPERS will be 
published in FULL TEXT PROCEEDING BOOK of 
CMES-2025 with ISBN:77733 number. Therefore, 
Abstracts of these FULL TEXT PAPERS will NOT be 
published in ABSTRACT PROCEEDING BOOK of 
CMES-2025. 
 
3. FRACTAL AND FRACTIONAL JOURNAL [SCI-E],  
Selected papers from CMES-2025 will be published 
in a special issue dedicated to the Conference 
entitled “Feature Papers for Mathematical Physics 
Section”. 
https://www.mdpi.com/journal/fractalfract/special_iss
ues/1TAP5BBZ45  
This journal is indexed by SCI-E. 
 
4. PROCEEDINGS OF THE INSTITUTE OF 
MATHEMATICS AND MECHANICS [E-SCI] 
Selected papers from CMES-2025 will be published 
by https://proc.imm.az/special/ 
 
This journal is indexed by E-SCI. 
 
5.TURKISH JOURNAL OF SCIENCE, [FREE] 
Participants of CMES 2025 can submit their good 
quality papers to Turkish Journal of Science. After 
the peer review process, the papers will be published 
at TJOS. The authors must write “CMES 2025” as 
comments to the editor. 
(Editor in Chief: Dr. Ahmet Ocak AKDEMİR) For on-
line submission: https://dergipark.org.tr/tr/pub/tjos  

 
6.TURKISH JOURNAL OF INEQUALITIES, [FREE] 
“Participants of CMES 2025 can submit their good 
quality papers to Turkish Journal of Inequalities. 
Selected papers will be published at TJI after the 
peer review process. The participants can send their 
papers to erhanset@tjinequality.com. The authors 
must write “CMES 2025” as the subject. 
(Editor in Chief: Prof. Dr. Erhan SET) 
http://tjinequality.com/  
 
7. MATHEMATICS IN NATURAL SCIENCE (MNS) 
Authors can submit their full text paper directly to the 
journal by using the following link  
https://www.isr-publications.com/mns  
 
8. MATHEMATICS IN ENGINEERING, SCIENCE 
AND AEROSPACE (MESA), [FREE, SCOPUS] 
“Selected papers will be published after peer review 
in the Journal of Mathematics in Engineering, 
Science and Aerospace (MESA)” 
(Editor in Chief: Prof. Seenith Sivasundaram) 
http://nonlinearstudies.com/index.php/mesa  
 
9. APPLIED MATHEMATICS AND NONLINEAR 
SCIENCES, [SCOPUS] 
Participants of CMES 2025 can submit their high 
quality full text papers to Applied Mathematics and 
Nonlinear Sciences by selecting CMES-2025 under 
the Select Article Type Menu. 
https://www.editorialmanager.com/amns/default.aspx   
 
10. MATHEMATICAL MODELLING AND 
NUMERICAL SIMULATION WITH APPLICATIONS 
(MMNSA), [TR DİZİN] 
The Special Issue on “Advanced Methods of 
Modelling and Numerical Computation in Science 
and Engineering”. Authors can submit their full text 
paper directly to the journal by using the information 
provided in the following link   
https://mmnsa.org/index.php/mmnsa/special_issues/
SI-CMES2023    
 
11. SYMMETRY [SCI-E] ;                                                                   
SPECIAL ISSUE "ADVANCES IN MATRIX 
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TRANSFORMATIONS, OPERATORS AND 
SYMMETRY" 
Authors can submit their full text paper directly to the 
journal by using the following link  
https://www.mdpi.com/journal/symmetry/special_issu
es/Advances_Matrix_Transformations_Operators_Sy
mmetry  
  
12. YUZUNCU YIL UNIVERSITY JOURNAL OF 
THE INSTITUTE OF NATURAL AND APPLIED 
SCIENCES (TR-Dizin) 
Authors can submit their full text paper directly to the 
journal by using the following link  
https://dergipark.org.tr/tr/pub/yyufbed 
 
13. PEDAGOGICAL PERSPECTIVE (PEDPER) 
Pedagogical Perspective (PedPer) is an 
international, double blind reviwing, non-profit, 
professional scientific journal. PedPer is a journal 
that accepts manuscripts related to pedagogy and 
education. 
http://pedagogicalperspective.com/ 
 
14. COMPUTATIONAL METHODS FOR 
DIFFERENTIAL EQUATIONS (CMDE) 

This is to announce that according to the 
authentication letter numbered 3/18/64395 dated 22 
June 2016 issued by the Iranian Ministry of Science, 
Research and Technology, the Computational 
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ABSTRACT 
This report is devoted to the study a generalization of the Kuramoto-Sivashinsky equation in the 
form [1] 

                                      2( ) 0.t xx xxx xxxx x xxu u u u uu u  + + + + + =  

This equation is used to model processes in combustion physics, plasma physics, hydrodynamics, and 
other fields. Since the Cauchy problem for this equation cannot be solved by the inverse scattering 
transform, a traveling wave reduction is employed to seek solutions. It is shown that the equation 
generally fails the Painlevé test. However, we find parameter of equation values, the necessary 
condition for the existence of a general solution is satisfied [2]. Using the results of the Painlev\'e 
analysis, first integrals for the nonlinear ODEs are derived. The general solutions for two specific 
cases, each involving four arbitrary constants, are presented in terms of the Weierstrass elliptic 
function and the transcendental solutions of the first Painlevé equation. Furthermore, exact solutions 
with one and two arbitrary constants are obtained using the simplest equation method. 
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ABSTRACT 

    Partial differential equations have become a useful tool for describing the natural 

phenomena of science and engineering. Nonlinear evolution equations (NLEEs) arise in 

many branches of science such as mathematics, physics, mechanics, engineering, and 

material science. The NLEEs are widely used to describe physical phenomena in various 

scientific and engineering fields, such as fluid mechanics, plasma physics, optical fibres, 

biology, solid-state physics, etc. Exact solutions of NLEEs play an important role in the 

proper understanding of the mechanism of many physical phenomena and processes in 

various areas of natural science. They can help to analyze the stability of these solutions and 

the movement role of the wave by making graphs of the exact solutions. The potential topics 

The main topics will be as follows: 

• Methods of Mathematical Physics. 
• Partial differential equations. 
• Fractional partial differential equations. 
• Stability analysis of dynamical system. 
• Nonlinear water waves. 
• Soliton solutions. 
• Related topics about the partial differential equations. 
• Computational fluid dynamics. 
• Advanced theory of the fractal and fractional calculus. 
• Methods for solving the fractal and fractional PDEs in physics and Engineering. 
• Application of the fractal and fractional calculus in physics and Engineering. 
• Fractal variational principle. 
• Computational fluid dynamics 
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ABSTRACT 
The extraction of the association between the complex systems’ components could be regarded as a 
challenge due to their nonlinear characteristics; thus, focusing deterministically on only one single 
aspect of a situation may impede the understanding of the whole system or attaining a unitary whole. 
Data and refining of a raw dataset emerge as one important property of feature engineering through 
which the features for each label are built and the data used for the feature are filtered. There could be 
instances when missing values may include incorrect, incomplete and non-existent information, which 
reduce the accuracy and performance of machine learning algorithms. For the purpose of compensating 
this situation, complex feature engineering, which is a process of selecting, generating or modifying 
features such as sets of input variables or data to facilitate machine learning models learn patterns more 
effectively, provides complementary solutions in unstable environments with emergent structural and 
behavioral patterns, where emergence refers to shifts in the whole systems behavior. The features 
emphasize the quintessential example of the way simplicity generates complexity in conjunction with 
the inquiries regarding how it is possible that patterns can emerge from randomness. Further in 
mathematical aspects, mathematical modeling (i.e. wavelets, fractional calculus, fractals, artificial 
intelligence (AI), deep learning, ensemble methods, entropy, and so on) integrated with advanced 
technologies has been extensively utilized to characterize complex patterns existent in different areas 
such as medicine, neuroscience, biology, epidemiology, signal processing, image processing, computer 
informatics, data science, applied sciences, engineering and other related fields. Furthermore, discrete 
time and continuous time are two alternative frameworks within which variables that evolve over time 
are modeled in mathematical dynamics. Discrete time views values of variables as occurring at distinct, 
separate points in time, or equivalently as being unchanged throughout each non-zero region of time or 
time period. This implies that time is regarded as a discrete variable. Hence, a non-time variable jumps 
from one value to another as time moves from one time period to the next. To put it differently, discrete 
signal or discrete-time signal is a time series that consists of a sequence of quantities. While system 

MATHEMATICAL NEURON–NEURAL-NETWORKS 
DYNAMICS WITH CONTINUOUS- AND DISCRETE-

TIME MODELS IN NEUROSCIENCE, BIOLOGY AND 
PRECISION MEDICINE: COMPLEX FEATURE 

ENGINEERING AND DATA COMPLEXITY 
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behavior is expressed by difference equations, discrete signals are common in computational simulations 
and data-based modeling processes. Continuous time, on the other hand, regards variables as having a 
2 
particular value only for an infinitesimally short amount of time. Between any two points in time, there 
are an infinite number of other point, and therein, the time variable could range over the entire real 
number line, or depending on the context, over some subset of it such as the non-negative reals. Thus, 
in continuous time modeling, the system behavior is generally denoted through differential equations, 
and in nature, they represent most of the physical processes like fluids, mechanical systems, 
epidemiology, and so forth. Overall, generally discrete models signify computational and complexity 
power, whereas continuous models signify theoretical accuracy. For these reasons, these two approaches 
complement each other in modern sciences. Hidden Markov Model (HMM), as a stochastic process 
where implicit or latent stochastic processes can be inferred indirectly through a sequence of observed 
states, is proven to be an applicable mathematical model concerning uncertain phenomena toward the 
description and computation of complex dynamical behaviors, thereby enabling the mathematical 
formulation of neural dynamics across spatial and temporal scales. HMM and multifractal methods 
within the framework of predictive quantization complexity models have been demonstrated to provide 
for the differential prognosis and differentiation of the subgroups with respect to multiple sclerosis (MS) 
which is an autoimmune degenerative disease with time and space related dissemination, leading to 
neuronal apoptosis, coupled with some subtle features that could be overlooked in clinical or medical 
practices. Overall, it is highly essential to quantify the nonlinear brain dynamics and its anatomical 
structure to be able to grasp the subtle features; yet, characterization across different interacting spatio-
temporal scales is involved due to the brain’s operation on multiple timescales, which may pose a 
formidable challenge. In view of these aspects and considerations as well as based on work and research 
conducted, the current lecture specifically aims to facilitate multifaceted decision-making processes, 
optimized outcome prediction, addressing the complexity of diseases and identification of the right pre-
determined features through the proper selection of the variables with respect to the related discipline 
based on the pertinent criteria so that the mathematical model can be established appropriately. Such 
factors also emphasize the interdisciplinary regimes including the medical, clinical and computer-based 
aspects based on mathematical modeling considering their distinctive contributions that need to be 
carried out appropriately in a well-poised balance and knowledge-based scheme. These can ensure the 
identification of the external factors triggering the diseases along with the past history thereof, which 
can bring about timely and accurate prediction, diagnostics, course of the disease, follow-up, efficient 
management while being able to maintain the life quality of the patients with optimal outcomes 
including life-quality, (self-)control and survival, as health primarily is at stake. 
 
Keywords: Complex feature engineering and data complexity, Computational and 
mathematical biology-medicine, Mathematical modeling, Discrete-time models, Continuous-
time models, Mathematical neurology; Mathematical neuron-neural-networks dynamics 
modeling; AI, Ensemble predictive algorithmic systems; Deep learning, Mobile cloud 
computing; Computational complexity; Diffusion MRI signal processing; Accurate neuron 
geometry models, Bloch Torrey PDE, Stochastic processes and analyses, Pre-determined 
features; Uncertainty quantification; Precision medicine; Multifractal and singularity analysis;  
Fractional calculus operators; Discrete Hidden Markov model.  
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Abstract  
Understanding the behavior of complex nonlinear dynamical systems remains a significant 
challenge because of the high dimensionality and intricate interactions among system parameters. 
These complexities often mask the underlying dynamical patterns, making it difficult to predict 
and control system responses under varying conditions. 
In this study, we propose a novel framework based on Self-Organizing Maps (SOMs) combined 
with clustering techniques to systematically characterize system behavior arising from parameter 
variations. The proposed approach groups dynamical responses that exhibit similar patterns and 
enables the identification of latent structures within the parameter space. 
To further interpret the resulting clusters, we perform a detailed dynamical analysis of each group. 
As a case study, the methodology is applied to the FitzHugh–Nagumo model, demonstrating its 
effectiveness in revealing distinct behavioral regimes. The obtained results identify meaningful 
latent patterns and classify the parameter space into 12 major behavioral groups, reflecting the 
heterogeneous nature of the system dynamics. 
Overall, this approach provides an effective tool for understanding how parameter variations 
influence system behavior and offers valuable insights for the prediction and control of complex 
nonlinear systems. 
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Abstract  
In this talk, we discuss the controllability of dynamical systems with (k,φ)-Hilfer fractional 
derivative with infinite delay and delay in control function. The necessary and sufficient condition 
obtained for the controllability requirement for linear systems, which are characterized by the 
Mittag–Leffler (M–L) functions, while the fixed point approach is used to arrive at adequate 
controllability criteria for nonlinear systems. The novel feature of this study is to inquire into the 
controllability notion by using (k, φ)-Hilfer fractional derivative, the most generalized variant of 
the Hilfer derivative. The advantage of this type of fractional derivative is that it recovers the 
majority of earlier studies on fractional differential equations (FDEs). Finally, few numerical 
examples are provided to illustrate our main results. 
 
Keywords: Fractional dynamical systems, Controllability, Gramian matrix, Fixed point theorem, 
measure of non-compactness. 
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Online Melike Karta, Nimet 
Tanır

NUMERICAL SOLUTION OF THE GENERALIZED EQUAL 
WIDTH WAVE (GEW) EQUATION USING THE CRANK-
NICOLSON FINITE DIFFERENCE SCHEME WITH 
OPERATOR SPLITTING TECHNIQUE

17 Applied 
Mathematics

Online Melike Karta, 
Kadriye Nazlıaydın

NUMERICAL SOLUTION OF THE 1-DIMENSIONAL 
BENJAMIN-BONA-MAHONY-BURGERS EQUATION 
USING A DISCRETE APPROXIMATION METHOD WITH 
OPERATOR SPLITTING TECHNIQUE

18 Applied 
Mathematics

Oral Coşkun Yakar, 
Dilara Karslıoğlu

STRICT MITTAG-LEFFLER STABILITY OF FRACTIONAL 
UNPERTURBED SYSTEMS WITH INITIAL TIME 
DIFFERENCE

19 Applied 
Mathematics

Online Gülnihal Demir, 
Pelin Özkartepe

GROWTH AND DERIVATIVE ESTIMATES OF ALGEBRAIC 
POLYNOMIALS IN THE COMPLEX PLANE

21 Analysis and Its 
Applications

Oral "Şeyma Firdevs 
Hızal, Mehtap 
Güneri,  
Hasan Bulut"

"NOVEL SOLITONS OF THE BISWAS - MILOVIC 
EQUATION WİTH KERR LAW NONLINEARITY"

22 Applied 
Mathematics

Oral Diana M. Audi INSTRUCTOR-TRAINED AI TUTOR FOR MATHEMATICS 
EDUCATION: DESIGN AND EVALUATION OF A 
CUSTOM GPT

23 Mathematics 
Education and Its 
Applications

Oral Etibar Penahlı, 
Ahu Ercan

"FRACTIONAL EULER METHOD FOR SOLVING 
FRACTIONAL DIFFERENTIAL EQUATIONS"

24 Applied 
Mathematics
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Oral Betül Özbay 
Elibüyük

DYNAMICS OF ADVECTION-DIFFUSION-REACTION 
PROCESSES: A $Z^{+}$-NUMBER VALUED APPROACH 
WITH ABC GRANULAR FRACTIONAL CALCULUS 

25 Fractional Calculus 
and Applications

Oral Ahlam 
elkhettab,Imane 
elberrai

MODEL OF KIDNEY FUNCTION DECLINE UNDER THE 
INFLUENCE OF DIABETES AND HYPERTENSION

27 Applied 
Mathematics

Oral Dorsaf Kouas ON THE S-SPECTRUM AND LOCAL S-SPECTRUM OF 
QUATERNIONIC RIGHT LINEAR OPERATORS

28 Analysis and Its 
Applications

Oral Sana Bouzidi CHARACTERIZATION OF SOME ESSENTIAL SPECTRA 
OF THE SUM OF TWO BLOCKS OPERATOR 
MATRICES INVOLVING THE RELATIVELY FREDHOLM 
PERTURBATIONS

29 Analysis and Its 
Applications

Oral Surajo Sulaiman, 
Aliyu Suleiman

GENERALIZED ENTRY FORMULA FOR COMPUTING A 
MULTIVARIATE POLYNOMIAL RESULTANT

33 Geometry and Its 
Applications

Oral Huzaifa Umar, 
Maryam Isa 
Abdulkadir 
,Maryam Rabiu 
Aliyu, Abubakar 
Adamu

ENHANCEMENT OF MALARIAL PARASITE IMAGE 
RESTORATION USING FISTA AND INERTIAL TSENG 
MATHEMATICAL ALGORITHMS

35 Applied Sciences

Oral Farouk Sa’ad OPTIMAL CONTROL AND MATHEMATICAL MODELING 
OF EBOLA VIRUS TRANSMISSION IN BAT-HUMAN 
INTERACTIONS

36 Mathematical 
Biology

Oral Ado Balili DYNAMICAL BEHAVIOUR AND NEW EXACT 
TRAVELLING WAVE SOLUTIONS FOR THE (2+1) 
DIMENSIONAL FRACTIONAL STOCHASTIC 
DAVEY-STEWARTSON SYSTEM VIA TWO ROBUST 
TECHNIQUES

37 Applied 
Mathematics

Online Muhittin Evren 
Aydın, Harith Adnan 
Arab Al-Azzawi

EXISTENCE OF RADIAL SOLUTIONS FOR CURVATURE-
TYPE EQUATIONS

38 Applied 
Mathematics

Online Şeyma Firdevs Hızal 
, Nur Seza Altınışık

MATHEMATICAL MODELING AND NUMERICAL 
ANALYSIS OF SALMONELLOSIS TRANSMISSION 
BETWEEN ANIMAL AND HUMAN POPULATIONS

39 Mathematical 
Biology

Oral Hasan Bulut, Yaren 
Kılıç, Şeyma Firdevs 
Hızal

APPLICATIONS OF THE (M+1/G′) METHOD TO SOME 
NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS

40 Applied 
Mathematics

Oral Coşkun Yakar, 
Dilara Karslıoğlu

STRICT MITTAG-LEFFLER STABILITY OF FRACTIONAL 
UNPERTURBED SYSTEMS WITH INITIAL TIME 
DIFFERENCE

41 Applied 
Mathematics

Oral Faton Merovci STATISTICAL PROPERTIES AND APPLCATIONS 
OF A NEW TWO-PARAMETER INVERSE RAYLEIGH 
DISTRIBUTION

42 Statistics and Its 
Applications

Online Mahir Ceylan 
Erdoğan

A NOVEL METHOD TO SOLVE THE SOME 
CONFORMABLE FRACTIONAL NONLINEAR PARTIAL 
DIFFERENTIAL EQUATIONS

44 Applied 
Mathematics

Online Sehnaz Yıldırım, 
Erdal Bas

"MATHEMATICAL PHARMACOKINETIC PROCESSES 
WITH LOCAL DERIVATIVE"

45 Applied 
Mathematics

Online Sumeyye Turan, 
Erdal Bas

M-SERIES DERIVATIVE MATHEMATICAL MODELING 
FOR ADVANCED BUILDING ENERGY OPTIMIZATION

46 Applied 
Mathematics

Online Hasan Cakicioglu, 
Muslum Ozisik, 
Aydin Secer

CUBIC-QUINTIC FORM OF SELF-PHASE MODULATION 
FOR THE (2+1)- PERTURBED BISWAS-MILOVIC 
EQUATION WITH OPTICAL DROMIONS

47 Applied 
Mathematics

Online Elif Tufan Gov, 
Muslum Ozisik, 
Aydin Secer

OPTICAL DROMIONS WITH THE (2+1)-DIMENSIONAL 
STOCHASTIC PERTURBED GENERALIZED NONLINEAR 
SCHRODINGER EQUATION HAVING THE KERR LAW OF 
SELF-MODULATION

48 Applied 
Mathematics
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Oral Muhammad 
Abubakar 
Isah, Ibrahim 
Isah, Ahmad 
Muhammad, Salim 
Jibrin Danbatta

EMERGENCE OF LOGARITHMIC NONLINEAR WAVES IN 
A LIOUVILLE MODEL: AN EXACT ANALYTICAL STUDY

49 Applied 
Mathematics

Oral Şeyma Firdevs 
Hızal, Özlem Defterli, 
Hasan Bulut

AN OVERVIEW OF RECENT MATHEMATICAL MODELS 
TO PREDICT EPIDEMICS

51 Mathematical 
Biology

Oral Ayşe Metin Karakaş, 
Fatma Bulut, 
Bahadır Yüzbaşı

THE CAUCHY MODIFIED GARIMA DISTRIBUTION: 
PROPERTIES, INFERENCE, AND EMPIRICAL 
APPLICATIONS

52 Applied 
Mathematics

Oral Sadullah Bulut, 
Muhammed Yiğider

AI-SUPPORTED MODIFIED EXP-EXPANSION FUNCTION 
METHOD FOR NONLINEAR DYNAMICAL SYSTEMS

53 Fractional Calculus 
and Applications

Oral İlknur Kızıl, Ulviye 
Demirbilek, 
Hadi Rezazadeh

WAVE SOLUTIONS, ENERGY ANALYSIS, AND PHYSICAL 
CHARACTERIZATION OF A NONLINEAR EVOLUTION 
EQUATION

54 Applied 
Mathematics

Oral "Ulviye 
Demirbilek,Hasan 
Bulut,Ercan Çelik, 
İlknur Kızıl"

SOLITON WAVE STRUCTURES OF (2+1) DIMENSIONAL 
NONLINEAR EVOLUTION EQUATION

55 Applied 
Mathematics

Online Aslıhan Demir, 
Ayşe Metin Karakaş, 
Sinan Çalık

THE NOVEL LOMAX-GARIMA DISTRIBUTION: 
PROPERTIES AND APPLICATIONS

56 Statistics and Its 
Applications

Online Damla Dağ, 
İlhame Amirali

ON STABILITY INEQUALITIES AND NUMERICAL 
SOLUTIONS OF THIRD-ORDER NEUTRAL INTEGRO-
DIFFERENTIAL EQUATIONS

57 Applied 
Mathematics

Oral Hasan Bulut, 
Şeyma Firdevs 
Hızal, 
Gülnur Yel

TYPE-SOLITONS PROPAGATION FOR NONLINEAR 
SYSTEMS OF MATHEMATICAL MODEL

58 Applied 
Mathematics

Online Selçuk Han Aydın 
, Shokoufeh 
Ghezeljeh

FUNDAMENTAL SOLUTION METHOD AND 
APPLICATION TO THE 3-D MHD EQUATIONS

59 Applied 
Mathematics

Online Yusuf Erbek,Bilal 
Şeker, İsmail Can 
Şeker

BRIGHTNESS ENHANCEMENT OF LOW-LIGHT IMAGES 
USING POLYNOMIAL-BASED

60 Analysis and Its 
Applications

Online Ali Sercan Karakaş A RESEARCH STUDY ON THE NUMERICAL SOLUTION 
OF THE BURGERS EQUATION BY GALERKIN METHOD 
BASED ON HERMITE B-SPLINE FUNCTIONS

62 Applied 
Mathematics

Online Numan Yalçın "A PRELIMINARY STUDY ON THE ANAGEOMETRIC 
LAPLACE TRANSFORM"

63 Applied 
Mathematics

Oral Zelal Aslan, 
Ulviye Demirbilek, 
Arzu Akbulut

"CONSERVATION LAWS AND EXACT SOLUTIONS 
OF A NONLINEAR PARTIAL DIFFERENTIAL 
EQUATION"

64 Applied 
Mathematics

Online Numan Yalcin, 
Mutlu Dedeturk

"A STUDY ON THE ANAGEOMETRIC DERIVATIVE 
AND ITS FUNDAMENTAL PROPERTIES"

65 Applied 
Mathematics

Online Ayşe Demirhan, 
Erhan Pişkin

"NONEXISTENCE OF GLOBAL SOLUTIONS FOR THE 
SINGULAR PARABOLIC-TYPE EQUATION"

66 Applied 
Mathematics

Online Bahattin 
Erkmen,Bilal Şeker, 
İsmail Can Şeker

COMPARISON OF IMAGE ENHANCEMENT 
PERFORMANCES OF DIFFERENT POLYNOMIAL-BASED 
APPROACHES

67 Analysis and Its 
Applications

Oral Güldar Efe, 
Erhan Pişkin

"EXISTENCE OF SOLUTIONS FOR A HIGHER-ORDER 
WAVE EQUATION WITH DELAY TERM"

68 Applied 
Mathematics

Oral Alan Kılıç GLOBAL EXISTENCE AND BLOW UP OF SOLUTIONS 
FOR A HYPERBOLIC-TYPE EQUATION

69 Applied 
Mathematics
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Online Mücahit Yüzgül, 
Bilal Şeker, İsmail 
Can Şeker

ENHANCEMENT OF IMAGE CONTRAST USING 
POLYNOMIAL-BASED NUMERICAL METHODS 

70 Analysis and Its 
Applications

Oral Muhteşem Demir, 
Erhan Pişkin

THEORETICAL AND NUMERICAL RESULTS OF 
SOLUTIONS FOR THE PARABOLIC TYPE EQUATION

71 Applied 
Mathematics

Oral Erhan Pişkin, 
Nebi Yılmaz

THEORETICAL AND NUMERICAL ANALYSIS OF 
NONLINEAR HIGHER-ORDER WAVE EQUATIONS 

72 Applied 
Mathematics

Oral Nursemin Kaş, 
Tolga Aktürk

ANALYTICAL INVESTIGATION OF NONLINEAR WAVE 
STRUCTURES VIA A MODIFIED EXPONENTIAL METHOD

73 Applied 
Mathematics

Online Nada Alsaaıd, 
Ulviye Demirbilek, 
Arzu Akbulut

LIE SYMMETRY ANALYSIS, CONSERVATION LAWS AND 
EXACT SOLUTIONS OF A NONLINEAR EVOLUTION 
EQUATION

74 Applied 
Mathematics

Oral Melik Senyuva, 
Ban Jamal Khalid 
Alsindi, Hasan Bulut

WAVE PROPAGATION OF THE (2+1)-DIMENSIONAL 
NON- LINEAR SCHRODINGER EQUATION

76 Applied 
Mathematics

Online Hazal Yüksekkaya THE PLATE PARTIAL 
DIFFERENTIALEQUATION:EXISTENCE ANDDECAY

78 Applied 
Mathematics

Online Nermin Ulas, Alper 
Osman Ogrenmis

"MULTIPLICATIVE LOKSODROME CURVES ON 
HELICOIDAL SURFACES"

79 Geometry and Its 
Applications

Oral N. M. Temirbekov, 
Z. I. Seitmuratova, 
G. B. Zhussipova

"COMPARATIVE ANALYSIS OF INTERPOLATION 
METHODS AND MACHINE LEARNING ALGORITHMS 
FOR GEOCHEMICAL ANOMALIES OF ORE OBJECTS"

80 Applied 
Mathematics

Online Etibar Panakhov, 
Aytan Bakhshizada

"ASYMPTOTIC FORMULA FOR EIGENVALUES OF 
CANONICAL 
FORM OF THE DIRAC OPERATOR"

81 Applied 
Mathematics

Online Hüseyin Şen OSCILLATION OF SOLUTIONS OF DIFFERENCE 
EQUATIONS WITH CONTINOUS ARGUMENTS

83 Applied 
Mathematics

Oral Aynur Şahin ON A FASTER ITERATIVE METHOD FOR FIXED 
POINT PROBLEMS IN BANACH SPACES AND ITS 
APPLICATIONS

85 Analysis and Its 
Applications

Online Murat Arı A NUMERICAL APPROACH FOR A COUPLED 
NONLINEAR WAVE SYSTEM USING A MESHLESS 
COLLOCATION FRAMEWORK

86 Numerical 
Methodsand 
Scientific 
Programming

Oral Sevda Ö. Çalıkuşu, 
Davood Ahmadian, 
Fevzi Erdoğan, Nihal 
İnce, Vildan Aslan

MODELING INVESTOR PHYSIOLOGY WITH 
STOCHASTIC DYNAMICS: FROM EMOTIONAL 
PARAMETERS TO BEHAVIORAL CLUSTERS

87 Stochastic and 
Delay Differential 
Equations

Online Ayşe Fidan, 
Erhan Pişkin

QUALITATIVE ANALYSIS OF SOLUTIONS FOR A 
WEIGHTED HYPERBOLIC-TYPE EQUATION

88 Applied 
Mathematics

Online Ajay Kumar FRACTIONAL MODIFIED CAMASSA–HOLM AND 
DEGASPERIS–PROCESI EQUATIONS: DYNAMIC 
BEHAVIOR AND NONLINEAR WAVE STRUCTURES

90 Applied 
Mathematics

Oral Nigar Yıldırım 
Aksoy, Nurşah Çelik

ON SOLUTION OF A NEUMANN PROBLEM FOR A 
SCHRODINGER-TYPE EQUATION

91 Applied 
Mathematics

Online Rıfat Oku, 
Fevzi Erdoğan

"HYBRID FUZZY REGRESSION MODELS: A 
COMPARATIVE STUDY"

92 Statistics and Its 
Applications

Online Mustafa Hicret 
Yaman

EDMD OF EARTHQUAKE ACTIVITY IN TURKIYE 95 Applied 
Mathematics

Online Aytekin Enver, 
Fatma Ayaz

FRACTIONAL REACTION–DIFFUSION MODELING OF 
COLORECTAL CANCER THERAPY

96 Fractional Calculus 
and Applications

Online Ezgisu Uzel, Alper 
Osman Ogrenmis

SPIRAL CURVES AND GENERALIZATIONS IN THE 
MULTIPLICATIVE PLANE 

97 Geometry and Its 
Applications
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Online Ahmad 
Muhammad, 
Muhammad 
Abubakar Isah, 
Salim Jibrin 
Danbatta, Sulaiman 
Sulaiman Ahmad

REVEALING DISSIPATION AS CAUSAL MEMORY 
STORAGE IN LINEAR AND NONLINEAR SYSTEMS: QSER 
APPLICATION

98 Applied Sciences

Online Ahmad 
Muhammad, 
Muhammad 
Abubakar Isah, 
Salim Jibrin 
Danbatta, Sulaiman 
Sulaiman Ahmad

QSER: A PHYSICS-GUIDED DECOMPOSITION 
FRAMEWORK FOR PHYSICAL SYSTEMS

99 Applied Sciences

Online Sinan Aslan "SOME INTEGRAL INEQUALITIES DERIVED FROM 
EXPONENTIALLY QUASI-CONVEX PARTIAL 
DERIVATIVES ON THE CO-ORDINATES"

101 Analysis and Its 
Applications

Oral Araz R. Aliev, 
Rustam Eyniyev

IMPROVING THE INTELLIGENCE OF NON-PLAYER 
CHARACTER IN GAMES USING MACHINE LEARNING 
AND DEEP LEARNING METHODS FOR TEXT-BASED 
DEPRESSION DETECTION

102 Applied Sciences

Oral Emine Üyücü, 
Ummahan Aca

SOFT INT-MODULES OVER A SOFT INT-RING 103 Algebra and Its 
Applications

Online Fatih Temizsu ON GENERALIZED P-DECREASING SEQUENCES IN 
LATTICE NORMED SPACES VIA LACUNARY DENSITY

104 Analysis and Its 
Applications

Online Seçkin Yalçın, 
Murat Candan

"FIBONACCI WEIGHTED DIFFERENCE SEQUENCE 
SPACE"

105 Analysis and Its 
Applications

Online Ismail Onder, 
Muslum Ozisik, 
Aydin Secer

ON OPTICAL SOLITONS AND QUALITATIVE ANALYSIS 
OF THE THIRD ORDER PERTURBED NONLINEAR 
SCHRODINGER EQUATION HAVING THE KERR LAW IN 
THE ABSENCE OF GROUP VELOCITY DISPERSION

106 Applied 
Mathematics

Online Hüseyin 
Ekinci, Gulshat 
Muhametjanova

THE EFFECT OF GEOGEBRA SOFTWARE ON 
MATHEMATICS ACHIEVEMENT OF SECONDARY 
SCHOOL STUDENTS IN KYRGYZSTAN

107 Mathematics 
Education and Its 
Applications

Oral Merve Zeynep Kaya, 
Ercan Çelik, Mesut 
Karabacak

PHYSICS-INFORMED GRAPH NEURAL NETWORKS 
FOR SOLVING HEAT EQUATION PDES ON SCATTERED 
MESHES

108 Applied 
Mathematics

Oral Gülşen Orucova 
Büyüköz

"BINARY NEWTON-RAPHSON BASED OPTIMIZER 
WITH S-SHAPED AND V-SHAPED TRANSFER 
FUNCTIONS FOR 0-1 KNAPSACK PROBLEM"

109 Applied 
Mathematics

Online Gözde Özyurt "A STUDY ON NECTARINE MATRICES 
 VIA SPLIT-COMPLEX REPRESENTATION"

110 Algebra and Its 
Applications

Online Nooriza 
Mirzabekova, 
Ercan Çelik

APPROXIMATE SOLUTIONS OF LINEAR INTEGRO-
DIFFERENTIAL EQUATIONS USING BESSEL 
POLYNOMIALS

111 Applied 
Mathematics

Online Sadaghat 
Shahmorad, 
Ercan Çelik

BLOCK GAUSSIAN ELIMINATION WITH QR 
FACTORIZATION IN PLACE OF DIAGONAL BLOCK 
INVERSION

112 Applied 
Mathematics

Online Elif Deniz Öztürk, 
Ercan Çelik, 
S.Şule Şener Kılıç

KUDRYASHOV EXPANSION METHOD APPLIED TO 
FISHER MATHETICAL MODEL

113 Applied 
Mathematics

Online Tuğba Yavuz "NOTES ON SOME CLASSES OF MEROMERPHIC 
CLOSE-TO-CONVEX FUNCTIONS "

114 Analysis and Its 
Applications

Online Ebru Cavlak Aslan, 
Özlem Pirinççi 

SEMI ANALYTICAL SOLUTIONS OF TWO FORMS OF 
THE GKDV EQUATION

115 Applied 
Mathematics

Online Fatih Rıza Çelik "APPROXIMATION BY FIBONACCI BASED KING 
TYPE SZÁSZ OPERATORS"

117 Analysis and Its 
Applications
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Online Okan Genç, 
Ömer Oruç

"EN EFFICIENT NUMERICAL METHOD FOR SECOND 
ORDER SINGULARLY PERTURBED DIFFERENTIAL 
EQUATIONS"

118 Numerical 
Methodsand 
Scientific 
Programming

Online Bahar Acay Öztürk MATHEMATICAL MODELING OF EARTHQUAKE 
EFFECTS ON MULTISTOREY BUILDINGS USING THE 
PROPORTIONAL DERIVATIVE APPROACH

119 Applied 
Mathematics

Online Eman Bakır Ahmad 
Ajm, Fatma Tokmak 
Fen, Mehmet Onur 
Fen

"ANTIPERODICITY IN QUASILINEAR IMPULSIVE 
SYSTEMS"

120 Ordinary

Online Süleyman Sarikaya, 
Yavuz Altin

LACUNARY STATISTICAL CONVERGENCE OF ORDER α 
IN CONE METRIC SPACES

121 Analysis and Its 
Applications

Online Lale Cona, 
Deniz Şimşek

A HYBRID ITERATION APPROACH FOR SPLIT 
EQUILIBRIUM AND FIXED POINT PROBLEMS

122 Analysis and Its 
Applications

Oral Özge Hamzaoğlu, 
Arzu Akbulut

EXACT SOLUTIONS OF THE EXTENDED KAIRAT II-X 
EQUATION

123 Applied 
Mathematics

Online Lale Cona, 
Jackson Kalule

ABOUT SOLVING GENERALIZED VARIATIONAL 
INEQUALITY, FIXED POINT AND EQUILIBRIUM 
PROBLEMS

124 Analysis and Its 
Applications

Oral Dmitrii Zhelobnev, 
Nisa Çelik

EXACT ANALYTICAL WAVE SOLUTIONS FOR THE 
COMBINED KAIRAT-II-X EQUATION VIA THE MODIFIED 
SARDAR SUB-EQUATION METHOD

125 Applied 
Mathematics

Online Ugur Bayrakçı, 
Seyma Tülüce 
Demiray, 
Tayyip Onat

ON THE SOLUTIONS OF UNIDIRECTIONAL WAVE 
MODEL

126 Applied 
Mathematics

Oral Talha Arslan THE FAMILY OF α MONOTONE DISTRIBUTIONS: 
DIFFERENT ESTIMATION METHODS AND 
APPLICATIONS

127 Statistics and Its 
Applications

Oral Talha Arslan A SKEW-UNIT-NORMAL DISTRIBUTION AND ITS 
APPLICATIONS

128 Statistics and Its 
Applications

Oral Seyma Tülüce 
Demiray, Ugur 
Bayrakçı, Ahmet 
Hakan Doğan

THE SOLUTIONS OF UNIDIRECTIONAL WAVE MODEL 
VIA IBSEFM

129 Applied 
Mathematics

Oral Mehmet Ali 
Taşkıran, 
Tuğçem Partal

HYBRID AI-BASED MATHEMATICAL MODELING OF 
BREAST CANCER DYNAMICS

130 Applied 
Mathematics

Online İrem Çakmak, Tuba 
Gulsen, 
Etibar S. Panakhov

A NUMERICAL STUDY OF RUNGE–KUTTA METHODS 
WITHIN THE FRAMEWORK OF GEOMETRIC 
MULTIPLICATIVE CALCULUS

131 Analysis and Its 
Applications

Online Ayşe Deniz Birkan, 
Tuba Gulsen, 
Etibar S. Panakhov

MODELING MEMORY EFFECTS IN WATER 
DISTRIBUTION NETWORKS VIA FRACTIONAL 
CALCULUS

132 Analysis and Its 
Applications

Oral Zuhal Kucukarslan 
Yuzbası

GEOMETRIC DYNAMICS OF SPIN CHAINS 133 Geometry and Its 
Applications

Oral Gülsüm Şanal FRACTIONAL LYAPUNOV STABILITY ANALYSIS AND 
STATISTICAL INFERENCE OF A FRACTIONAL STABILITY 
INDEX (FSI) FOR TIME-DYNAMIC RISK TRAJECTORIES

134 Applied 
Mathematics

Online Ramazan Aykat, 
Faruk Düşünceli

NUMERICAL SOLUTION OF THE KORTEWEG-DE VRIES 
EQUATION USING CHEBYSHEV POLYNOMIAL-BASED 
ARTIFICIAL NEURAL NETWORKS

135 Applied 
Mathematics

Online Pınar Kurulur, 
Faruk Düşünceli

"SOLVING LANE-EMDEN EQUATION THROUGH THE 
ELZAKI TRANSFORM METHOD"

136 Applied 
Mathematics

Online Beytullah Yağız, 
Sinan Deniz, 
Yener Altun

A HYBRID METAHEURISTIC APPROACH FOR 
HYPERPARAMETER OPTIMIZATION OF MACHINE 
LEARNING MODELS

137 Applied Sciences
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Online Sinan Deniz, 
Beytullah Yağız, 
Yener Altun

INVESTIGATION OF DERIVATIVE-BASED AND 
DERIVATIVE-FREE OPTIMIZATION APPROACHES IN 
NONLINEAR PARAMETER ESTIMATION

138 Applied Sciences

Online Sabri Gündüz, 
Faruk Düşünceli

NUMERICAL SOLUTION OF THE TELEGRAPH EQUATION 
USING ARTIFICIAL NEURAL NETWORKS

139 Applied 
Mathematics

Online Gülden Altay 
Suroğlu, 
Ayşe Buğatekin, 
Yaşar Tatar, 
Esra Ölçücü

A MULTIPLICATIVE MODEL FOR TIMEDEPENDENT 
RESIDUAL LIMB VOLUME CHANGES USING FRUSTUM-
BASED LAYER GEOMETRY

140 Geometry and Its 
Applications

Online Gülden Altay 
Suroğlu, 
Şeyma Firdevs 
Hızal, 
Münevver Yıldırım 
Yılmaz, 
Hasan Bulut

"A CONFORMABLE FRENET FRAMEWORK FOR 
REGULARIZED FRACTAL FAULT CURVES"

141 Geometry and Its 
Applications

Online Oktay Mukhtarov, 
Merve Yücel, 
Kadriye Aydemir

SOLUTION OF HELMHOLTZ EQUATION BY THE α-P DTM 142 Applied 
Mathematics

Online Alper Döyen A HYBRID FUZZY AHP-PROMETHEE II APPROACH FOR 
EVALUATING CUSTOMER SERVICE REPRESENTATIVES 
IN THE BANKING SECTOR

143 Applied 
Mathematics

Online Emre Bayrak, 
Murat Işık, 
Engin Kocaman, 
Mustafa Safa 
Yılmaz, Bahattin 
Koç

EFFECT OF MILLING PARAMETERS ON SURFACE 
ROUGHNESS, HARDNESS, TENSILE STRENGTH AND 
MICROSTRUCTURE IN INCONEL 718 ALLOY PRODUCED 
BY ADDITIVE MANUFACTURING METHOD

144 Applied 
Mathematics

Online Yasemin Turğut MULTI SOLITON SOLUTIONS OF SAWADA KOTERA 
EQUATION

145 Applied 
Mathematics

Online Ayşe Elhaman TRAVELLING-WAVE SOLUTIONS OF HIROTA 
EQUATION

146 Applied 
Mathematics

Oral Ebru Altunbağ MULTI-TASK TRANSFORMER ARCHITECTURE 
FOR MULTI-ASSET FINANCIAL RISK AND RETURN 
FORECASTING: CONDITIONAL EFFICACY, NEGATIVE 
TRANSFER, AND EXPLAINABILITY ANALYSIS

147 Applied 
Mathematics

Online Velat Karakeçi MULTI SOLITON SOLUTIONS OF COMPLEX MKDV 
EQUATION

148 Applied 
Mathematics

Oral Esra Pekönür, 
Sevilay Erdoğan 
Tutam, Mutlu Akar

SARDAR METHOD FOR SOLITON SOLUTIONS IN ANTI-
CUBIC NONLINEAR MODEL

149 Applied 
Mathematics

Oral Sevilay Erdoğan 
Tutam, Esra 
Pekönür, Mutlu Akar

EXACT SOLUTIONS OF FRACTIONAL BISWAS–MILOVIC 
EQUATION USING KUDRYASHOV METHODS

150 Applied 
Mathematics

Online Fırat Korkmaz, 
Hatice Aslan

ON THE ADAPTATION OF SUMMABILITY METHODS TO 
SERIES WITH NONLINEAR FOURIER BASIS

151 Analysis and Its 
Applications

Online Dilara Yapışkan, 
Cristiana J. Silva

DYNAMICAL ANALYSIS OF BRUCELLOSIS 
TRANSMISSION UNDER MULTIPLE TIME DELAYS

152 Mathematical 
Biology
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Abstract 

This paper investigates the inverse Cauchy problem for the two-dimensional Pauli equation, which 
models the dynamics of a spin quantum particle in an external magnetic field. The problem 
involves reconstructing the unknown boundary condition on an inaccessible portion of the 
boundary from overdetermined data measured on the accessible part. By exploiting the diagonal 
structure of the Pauli operator and assuming a homogeneous magnetic field, the system decouples 
into two independent scalar equations. The problem is formulated on the unit square with 
homogeneous Dirichlet conditions on three sides and an unknown Robin-type condition on the 
remaining side. Using separation of variables, the solution is expressed as a Fourier series 
expansion involving the unknown boundary trace. Differentiation with respect to y and evaluation 
at the accessible boundary yields a Fredholm integral equation of the first kind for ϕ, with the 
measured data appearing on the right-hand side. The kernel involves an infinite series that decays 
rapidly, allowing truncation after a few terms. To stabilize the inversion, Lavrentiev regularization 
is applied, converting the ill-posed first-kind equation into a well-posed second-kind Fredholm 
equation with regularization parameter. The regularized equation is discretized using a Haar 
wavelet collocation method. Explicit analytical formulas are derived for all matrix entries, 
ensuring computational efficiency and accuracy. Numerical experiments demonstrate the method's 
performance for both single-mode and multi-mode solutions.  

The explicit matrix entries derived from the Haar wavelet discretization avoid numerical 
quadrature, making the method computationally efficient and suitable for practical 
implementation.  
Keywords: Inverse Cauchy problem; Pauli equation; Fredholm integral equation; Haar wavelet; 
Lavrentiev regularization; collocation method. 

REFERENCES 

1. C. Cattani and Y. Gasimov, The Schrödinger-Pauli equation in a finite square domain, Mediterr. 
J. Math., 21(92), 2024. 

2. A. Nachaoui, S. M. Rashid, and G. W. Sadiq, A mesh free wavelet method to solve the Cauchy 
problem for the Helmholtz equation, Springer Proceedings in Mathematics & Statistics, 428:77-
98, 2023. 



2 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

SOLITON SOLUTIONS OF THE LONGITUDINAL 
WAVE EQUATION IN A MAGNETO-ELECTRO-
ELASTIC CIRCULAR ROD VIA KUDRYASHOV 

EXPANSION METHOD 
Latifa Agamalieva1,2, Ban Jamal Khalid Alsindi3, Hasan Bulut4 

1Azerbaijan University, Baku, Azerbaijan 
2Institute for Physical Problems, Baku State University, Baku, Azerbaijan 

3Duhok University, College of Basic Education, Duhok, Iraq 
4Firat University, Department of Mathematics, Elazig, Turkiye 

latifa.agamalieva@azuniv.edu.az, ban.alsindi@uoduhok.edu.iq, hbulut@firat.edu.tr  

 

Abstract 

In this paper, we investigate novel computational soliton solutions for the M-truncated longitudinal 
wave equation in a magneto-electro-elastic (MEE) circular rod. The governing equation models 
wave propagation in nonlinear systems and incorporates the M-truncated derivative, which 
preserves classical properties of fractional derivatives. By applying the Kudryashov expansion 
method (KEM) in conjunction with a traveling wave transformation, the nonlinear partial 
differential equation is reduced to an ordinary differential equation. The balancing principle yields 
the solution structure, and the auxiliary equation is employed to construct soliton solutions. New 
families of soliton solutions are successfully extracted and expressed in terms of topological, 
rational, exponential, trigonometric, and hyperbolic function structures. The obtained solutions 
exhibit diverse dynamic wave behaviors, including bright and dark solitons, depending on the 
choice of material and geometric parameters. The physical characteristics of these solutions are 
illustrated through three-dimensional and density profiles by selecting suitable parameter values. 
This study enhances the understanding of nonlinear wave phenomena in magneto-electro-elastic 
materials and demonstrates the efficiency of the Kudryashov expansion method for solving 
fractional nonlinear models arising in mathematical physics and engineering applications. 

Keywords: M-truncated derivative; longitudinal wave equation; magneto-electro-elastic rod; 
Kudryashov expansion method; soliton solutions 
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We utilized thermal evaporation, beneath a pressure of 10-7mbar, to synthesize thin films of cobalt on 

monocrystalline silicon substrates. The initial flux of atoms reaches the substrates under normal and 

oblique incidences. The layer thickness ranges from 20 to 400 nm. To explore the static magnetic 

properties, the hysteresis loops are achieved by means of Vibrating Sample Magnetometer (VSM) and 

Alternating Gradient Field Magnetometer (AGFM) tools and the zero-field magnetic structure has 

been investigated by Magnetic Force Microscopy (MFM), using a Veeco 3100 apparatus. To explore 

the dynamic magnetic properties, and particularly the magnetic anisotropy in Co/Si films, we utilized 

Brillouin Light Scattering (BLS) experiments, with a (2x3)–pass tandem Fabry-Perot interferometer, 

and Ferromagnetic Resonance (FMR) technique. These tools inferred that all the films are under stress 

and exhibit a hexagonal close packed (hcp) structure, with the <0001> texture. The easy magnetization 

axis is found to be in the plane of the film whatever is the thickness layer. Coercivity decreases as the 

thickness layer increases, following a t-n Néel law, suggestive of Bloch domain motion. MFM images 

expose precise stripe patterns, chiefly for the thickest films. BLS measurements allowed to establish a 

satisfactory agreement between the experimental and the computed spectra. Uniaxial 

magnetocrystalline anisotropy constants 𝐾𝐾𝑢𝑢 are computed using BLS as well as FMR tools. For the Co 

films produced under perpendicular incidence, the measured values of 𝐾𝐾𝑢𝑢 are as high as 7 Merg.cm-3 

and for the films produced obliquely, the uniaxial magnetocrystalline anisotropy constants jump to 13 

Merg.cm-3. 
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Abstract  

This study investigates the impact of post-deposition annealing in oxygen (O2) and 
nitrogen (N2) environments on the structural and surface properties of RF-sputtered Tb4O7 thin 
films on silicon (Si). Samples were annealed at 500 °C and compared with an unannealed 
(standard) sample. GIXRD results show that annealing enhances crystallinity and grain growth 
while retaining the cubic Tb4O7 phase, with crystallite sizes increasing from 10.97 nm 
(standard) to 17.26 nm (O2-annealed) and 25.86 nm (N2-annealed). FESEM images confirm 
substantial grain growth, especially in the N2-annealed film, which displays the largest and most 
uniform grains with a smooth, void-free surface. AFM measurements further support this trend, 
showing RMS roughness decreasing from 1.91 nm (standard) to 1.58 nm (N2) and 0.98 nm (O₂). 
EDX analysis verifies the presence of Tb, O, and Si, with the N2-annealed film having the 
highest oxygen concentration (22.87 at%), while the O2-annealed film shows a lower value 
(15.79 at%) due to oxygen diffusion toward the interface. Overall, N2 annealing yields the most 
uniform, defect-free Tb4O7 films, making it the most promising route for high-quality Si-based 
semiconductor applications. 

Keywords: GIXRD pattern; post-deposition annealing; surface properties. 
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Abstract  

In this study, by considering an infectious disease model given below, we discuss the role of 

both personal and medical measures in preventing or reducing the spread of the infectious 

disease. The population has been divided into those exposed, infected, vaccinated, contracting 

the infection, and recovering from the disease. It can be confirmed that some individuals in the 

exposed group do not contract the virus by certain personal strategies. Health policies can also 

be developed and predictions can be made regarding the potential spread of the disease by using 

of data from the infected section. The presence of each component in the model discussed 

highlights the importance of medical and personal measures in controlling the spread of 

infectious diseases. When we do not consider some parts of the population, such as those  

vaccinated, we can not examine the effect of  the vaccine  on disease spread. We present the 

results by using artifical neural network method. The total population N is divided into seven 

epidemiological subgroups such as susceptible (S), exposed (E), infected (I), quarantined (Q), 

recovered (R), dead (D), and vaccinated (V) individuals [1-3]. 
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Abstract  

We construct new computational soliton solutions for the Zakharov–Kuznetsov 
equation (mZKE), which are represented by topological, rational, exponential, trigonometric, 
and hyperbolic functions on the other hand. For the purpose of deriving various dynamical wave 
structures of soliton solutions within the framework of evolutionary dynamical structures of 
solitary wave solutions, the extended rational sinh-Gordon equation approach (ERSGEA) is 
utilized. This method provides an effective strategy for implementing the strategy. In order to 
demonstrate a solution, permissible parameter selections are allowed. The physical behavior of 
these solutions is empirically illustrated in order to improve the understanding of the physical 
events that are linked with the dynamical models that are used in mathematical physics.  

Keywords: Zakharov–Kuznetsov equation, the extended rational sinh-Gordon equation, soliton 
solutions. 
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Abstract  

The (2+1) cubic Klein-Gordon equation is used in a wide range of disciplines, including 
river floods, tsunami wave propagation, breakwater construction and management, dam-break 
scenarios, coastal engineering, and many phenomena in physical oceanography. The goal of 
this study is to establish wave solutions using the extended rational sine-cosine and sinh-cosh 
techniques (ERSC). The provided approaches enable the construction of a variety of novel 
solutions with distinct forms. The solutions are closely tied to physical characteristics, with 
particular wave-form features that appear under certain conditions. Furthermore, the new 
conservation theorem is applied to systematically deduce conservation laws from Lie-point 
symmetry. Graphical representations in two- and three-dimensional formats are plotted to 
demonstrate the propagation of selected exact solutions that include a variety of parameter 
values. 

Keywords: The extended rational sine-cosine and sinh-cosh methods; Analytical solutions; M-

truncated derivative, Lie-backlund symmetries; Conservation laws. 
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Abstract 

We establish novel computational soliton solutions for the system of nonlinear complex equations. 
These solutions are represented by periodic, singular periodic, trigonometric, and hyperbolic 
functions.  Within the context of evolutionary dynamical structures of solitary wave solutions, the 
extended rational sinh-cosh is utilized to derive a variety of dynamical wave structures of soliton 
solutions. This is done in order to put the effective method into action. When attempting to 
demonstrate a solution, permissible parameter selections are granted permission.  In the field of 
mathematical physics, the physical behavior of these solutions is empirically illustrated in order to 
improve the understanding of the physical events that are linked with these dynamical models. 

 

Keywords: nonlinear systems of complex equations, the extended rational sinh-cosh, soliton 
solutions. 
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Abstract  

A deployment of the spoiler modifies the wing profile (airfoil) in such a way that its 
curvature becomes small or negative in a vicinity of the spoiler hinge point. In [1, 2], it was 
shown that profiles comprising arcs of small curvature provoke formation of local supersonic 
regions, whose coalescence/rupture occurs abruptly and produces flow instability. This concept 
was used in a numerical study of the turbulent transonic flow over the NASA SC(2)-0710 airfoil 
with a deployed spoiler [3]. In particular, at the spoiler deflection angle θ=3°, computations 
showed a high sensitivity of the lift to small perturbations at negative angles of attack α .  

In the present paper, we perform numerical study of transonic flow over the NASA SC(2)-
0710 airfoil, focusing on the spoiler deflection angle θ=4.5°. Solutions of the Reynolds-
averaged Navier-Stokes equations are obtained with a finite-volume solver on fine 
computational meshes. The solutions reveal an intricate dependence of the lift coefficient on 
the angle of attack α and freestream Mach number M∞. A high sensitivity of the flow to small 
perturbations in the bands  0.825≤M∞≤0.875,  0°≤α≤0.3° is demonstrated. A physical 
interpretation of the sensitivity is suggested.   

Also, we study transonic flow over a NACA 0012 airfoil with the same spoiler and discuss 
a few distinctions in the behavior of lift coefficient as compared to the one for NASA SC(2)-
0710 airfoil.    

Results of this study demonstrate the existence of adverse values of  θ, M∞, and α, at 
which slight gusts or turbulence of atmosphere can cause significant fluctuations in the wing 
lift and, consequently, severe vibrations of aircraft in cruise flight.   

Keywords: Numerical simulation; Transonic flow; Shock wave instability. 
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Abstract  

Excessive inventory of Work-In-Process (WIP) in manufacturing systems wastes time, 
hides production constraints, and increases costs. This paper addresses the logistical problems 
associated with a machining facility that accumulates large amounts of intermediate stock. To 
solve this, the study proposes a transition from a traditional "push" based manufacturing 
system to a "pull" based milk run logistics model. The paper describes the design phase of the 
logistics system, which includes the determination of optimal quantities for each lot, the 
design of customized transport carts and pallets, and the choice of equipment used to tow 
them. Additionally, the methods used to determine the most efficient routes and to 
synchronize the frequency of deliveries to meet the needs of the production line are presented. 
Ultimately, by providing a formal structure to design in-plant logistic systems, this research 
demonstrates the feasibility of reducing waste and optimizing the flow of materials in the 
manufacturing supply chain prior to full-scale implementation. 

Keywords: Process Improvement; In-plant milk-run; In-plant logistics; Work-in-Process 

(WIP); Machining; Lean. 
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Abstract 

This study examines the resonant nonlinear Schrödinger equation (RNLSE), which represents the fluid 
modeling and propagation dynamics of optical solitons, and includes both an equation with mixed 
derivatives and an amplitude-dependent term.  To get the solitary-wave solution to the governing 
equation, we use the generalized projective-Riccati equation approach (GPRE). Kerr law nonlinearity is 
used to study the given equation.  We obtain solutions for combined bright-dark, singular, and periodic 
solitons.  These solitons are guaranteed to exist by the constraint requirements that arise from the 
solution structure.   We examine the governing equation's modulation instability (MI) study.  MI is a basic 
process in nonlinear dispersive media where a wave with a constant amplitude becomes unstable to 
perturbations of long wavelengths. 

Keywords: Solitary wave solutions, Kerr law, generalized projective-Ricatti equation method, 
modulation instability. 

References 

[1] P.~G. Drazin and R.~S. Johnson, \emph{Solitons: An Introduction}, Cambridge University Press, 1989. 

[2] M.~J. Ablowitz, \emph{Nonlinear Dispersive Waves: Asymptotic Analysis and Solitons}, Cambridge 
University Press, 2011. 

[3] D.~J. Korteweg and G.~de~Vries, ``On the change of form of long waves advancing in a rectangular 
canal, and on a new type of long stationary waves,'' \emph{Philosophical Magazine}, vol.~39, pp.~422--
443, 1895. 

[4] Iqbal, M., Seadawy, A. R., Lu, D., \& Zhang, Z. (2024). Multiple optical soliton solutions for wave 
propagation in nonlinear low-pass electrical transmission lines under analytical approach. Optical and 
Quantum Electronics, 56(1), 35. 

[5] Younas, U., Ismael, H. F., Sulaiman, T. A., \& Yusuf, A. (2024). Dynamics of M-truncated optical 
solitons in fiber optics governed by fractional dynamical system. Optical and Quantum Electronics, 56(1), 
25. 

[6] Murad, M. A. S., Ismael, H. F., Sulaiman, T. A., \& Bulut, H. (2024). Analysis of optical solutions of 
higher-order nonlinear Schrödinger equation by the new Kudryashov and Bernoulli’s equation 
approaches. Optical and Quantum Electronics, 56(1), 76. 

 



1510th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Solitary wave solutions and modulation instability of the Schrodinger 
equation with mixed derivative and amplitude dependent term 

Ban Jamal Khalid Alsindi1, Arif Özkul2, Hasan Bulut2 

1University of Duhok, College of Basic Education, Iraq 

2Department of Mathematics, Faculty of Science, Firat University, Elazig, Turkey 

 

Abstract 

This study examines the resonant nonlinear Schrödinger equation (RNLSE), which represents the fluid 
modeling and propagation dynamics of optical solitons, and includes both an equation with mixed 
derivatives and an amplitude-dependent term.  To get the solitary-wave solution to the governing 
equation, we use the generalized projective-Riccati equation approach (GPRE). Kerr law nonlinearity is 
used to study the given equation.  We obtain solutions for combined bright-dark, singular, and periodic 
solitons.  These solitons are guaranteed to exist by the constraint requirements that arise from the 
solution structure.   We examine the governing equation's modulation instability (MI) study.  MI is a basic 
process in nonlinear dispersive media where a wave with a constant amplitude becomes unstable to 
perturbations of long wavelengths. 

Keywords: Solitary wave solutions, Kerr law, generalized projective-Ricatti equation method, 
modulation instability. 

References 

[1] P.~G. Drazin and R.~S. Johnson, \emph{Solitons: An Introduction}, Cambridge University Press, 1989. 

[2] M.~J. Ablowitz, \emph{Nonlinear Dispersive Waves: Asymptotic Analysis and Solitons}, Cambridge 
University Press, 2011. 

[3] D.~J. Korteweg and G.~de~Vries, ``On the change of form of long waves advancing in a rectangular 
canal, and on a new type of long stationary waves,'' \emph{Philosophical Magazine}, vol.~39, pp.~422--
443, 1895. 

[4] Iqbal, M., Seadawy, A. R., Lu, D., \& Zhang, Z. (2024). Multiple optical soliton solutions for wave 
propagation in nonlinear low-pass electrical transmission lines under analytical approach. Optical and 
Quantum Electronics, 56(1), 35. 

[5] Younas, U., Ismael, H. F., Sulaiman, T. A., \& Yusuf, A. (2024). Dynamics of M-truncated optical 
solitons in fiber optics governed by fractional dynamical system. Optical and Quantum Electronics, 56(1), 
25. 

[6] Murad, M. A. S., Ismael, H. F., Sulaiman, T. A., \& Bulut, H. (2024). Analysis of optical solutions of 
higher-order nonlinear Schrödinger equation by the new Kudryashov and Bernoulli’s equation 
approaches. Optical and Quantum Electronics, 56(1), 76. 

 

New Wave Structures Of A Nonlinear Physical Model 
Tukur Abdulkadir Sulaiman 1  , Hanife Kalka 1  , Mehtap Guneri 1  , Hasan Bulut 1  

1 Department of Mathematics, University of Firat, Elazig, Turkiye 

Abstract  

This study derives new wave structures for the Zakharov–Kuznetsov equation (mZKE), 
including rational mixed topological and non-topological solitons as well as mixed singular 
solitons. By employing the rational extended sinh–Gordon expansion method, various 
dynamical wave structures of soliton solutions are obtained within the framework of nonlinear 
evolution equations. Appropriate parameter choices are considered to illustrate the existence of 
these solutions. Furthermore, the physical behaviors of the obtained solutions are graphically 
illustrated to enhance the understanding of the underlying physical phenomena in mathematical 
physics. 

Keywords: Zakharov–Kuznetsov equation; soliton solutions; Topological; Non-

topological 
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Abstract  

Cystic Echinococcosis is a neglected parasitic zoonotic disease that involves a 
complicated multi-host transmission cycle between accidental, definitive, and intermediate 
hosts1. The global burden of this disease necessitates robust control strategies to mitigate 
transmission; however, the current prevention methods remain elusive due to a limited 
understanding of the disease dynamics2. 

In this paper, we present a deterministic model of eight differential equations describing 
the evolution of CE among humans, dogs, livestock, infected carcasses, and E.granulosus 
parasitic eggs3, which we develop to a continuous-time Markov chain model, to understand the 
behavior of the disease among humans, dogs, and livestock, we analyze the two models and we 
give important properties about the equilibrium and their stability. Then we formulate a five-
type Branching process to derive the extinction and outbreak probabilities. Our findings reveal 
that the main cause of the persistence of the disease depends primarily on the livestock-
carcasses-dog cycle, not the direct dog-to-human transmission. Humans are dead-end hosts, and 
they do not contribute to the transmission cycle of the disease. 

Our models show that managing infected carcasses and controlling dog access are key 
intervention points that can lead to disease extinction, especially for small outbreaks, but for 
larger ones, combined strategies are needed. This provides clear guidance for control programs. 

Keywords: Cystic Echinococcosis, Multitype Branching Process, CTMC model, Control 
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Abstract  

The generalized equal-width wave (GEW) equation is used as an important tool in modeling 
unidirectional, nonlinear wave motions encountered in many physical fields such as shallow water 
waves, plasma physics and optics. In this study, the Crank-Nicolson finite difference scheme is used 
to numerically solve the Generalized Equal Width Wave (GEW) equation through the Rubin-Graves 
linearization technique using the operator splitting technique.  Two test problems—the motion of a 
single solitary wave and the interaction of two solitary waves—are examined in order to bolster our 
work. The outcomes are contrasted with other numerical solutions that have been published in the 
literature. By calculating the numerical conserved laws and 𝐿𝐿2 and 𝐿𝐿 ∞error norms, the accuracy of 
the suggested method is examined. The method is unconditionally stable, according to a linear 
stability analysis of the approximation produced by the scheme. 

Keywords: GEW equation , Operatör splitting technique, Crank-Nicolson finite difference. 
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Abstract  

In this research, a new method combining the Crank-Nicolson method with operator splitting 

techniques has been developed for the numerical solution of the BBM-Burgers equation. This 

problem are divided into two sub-equations, one linear and one nonlinear. Operator splitting, 

combined with the Crank-Nicolson finite difference method, was applied to these equations.  

Two test problems with initial and boundary conditions are considered for the numerical 

solution of the 1-dimensional homogeneous BBM-Burgers equation. To investigate the 

accuracy and efficiency of the numerical solution, the error norms 𝐿𝐿2  and 𝐿𝐿∞  and 

conservation quantities are evaluated through comprehensive analyses. When the results of 

the proposed approach are compared with other numerical methods in the literature, it is 

concluded that it will capture wave profiles and structures more accurately, reduce error 

norms, and improve processing time. 

Keywords: BBM-Burgers equation , Operatör splitting technique, Crank-Nicolson finite difference. 
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Abstract  

This paper examines the strict Mittag-Leffler stability of fractional unperturbed systems 
whose solutions begin at distinct initial times. The analysis is developed within the Caputo 
fractional derivative setting and relies on a refined variation-of-parameters approach to 
capture the influence of the initial time difference on stability behavior. Our results show that 
even minor shifts in the starting instant can significantly alter the asymptotic properties of 
fractional dynamics. The derived stability criteria strengthen existing Mittag-Leffler–type 
theories and extend them to a broader class of unperturbed systems incorporating initial time 
differences. Several examples are included to validate the theoretical findings and to highlight 
the accuracy and applicability of the proposed framework.  

Keywords: Fractional differential systems; Mittag-Leffler stability; Initial time difference; 

unperturbed systems; Caputo derivative; Lyapunov functional  
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Abstract  

Accurate estimation of seawater fraction (fsea) is essential for characterizing seawater 

intrusion in coastal aquifers, particularly in arid regions. This study proposes a wavelet-based 

nonlinear dynamic modeling framework to estimate fsea using experimentally measured 

hydrochemical data. The dataset consists of several groundwater samples with pH, electrical 

conductivity (EC), Ca²⁺, Mg²⁺, HCO₃⁻, F⁻, NO₃⁻, and SO₄²⁻ as input variables and fsea as the 

output. The proposed framework is applied to a coastal aquifer system in Saudi Arabia, 

addressing a critical seawater intrusion problem associated with intensive groundwater 

abstraction in arid coastal environments. Multiple Hammerstein–Wiener nonlinear system 

identification models with different wavelet-network configurations were developed and 

evaluated. The models integrate wavelet-based input and output nonlinearities with a dynamic 

linear block to capture the complex, nonlinear mixing behavior between seawater and 

freshwater. Model parameters were estimated in the time domain using a Gauss–Newton line 

search algorithm. Comparative analysis showed consistent predictive performance across 

model structures, with the best-performing configuration achieving a fit of 75.1%, while 

alternative configurations yielded comparable fits in the range of 74.6–74.8%. The results 

demonstrate that wavelet-based nonlinear dynamic modeling provides a robust and 

computationally efficient approach for seawater fraction estimation, even under limited data 

conditions. The proposed framework is well suited for seawater intrusion assessment in 

coastal aquifers and highlights the reliability of wavelet-enhanced Hammerstein–Wiener 

models for hydrogeochemical system identification. 

Keywords: Saudi Arabia, Seawater fraction, Coastal aquifers, Nonlinear dynamic modeling, 

System identification 
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Abstract. This paper is devoted to the study of growth and derivative estimates for

algebraic polynomials in the complex plane. We establish quantitative upper bounds for

polynomial derivatives in terms of the polynomial norm on compact subsets with prescribed

geometric properties. Under suitable regularity assumptions on the boundary,

Bernstein–Walsh type inequalities are applied to obtain sharp estimates. The obtained results

extend and refine several known inequalities and highlight the influence of boundary

geometry on the growth behavior of polynomial derivatives.

Main Result. Let Ω ⊂ ℂ be a bounded domain whose boundary contains finitely many

singular points of various types, including nonzero exterior angles and exterior zero angles.

Assume that the boundary of Ω satisfies the Dini-smoothness condition away from these

singular points. Let P𝑛𝑛 be an algebraic polynomial of degree at most 𝑛𝑛 and let 𝑚𝑚 be a positive

integer. Then, for every 𝑧𝑧𝑧𝑧 there exists a constant 𝐶𝐶 𝐶 𝐶 , independent of 𝑛𝑛 and P𝑛𝑛 , such that

 P𝑚𝑚
𝑛𝑛 𝑧𝑧 ≤ 𝐶𝐶𝐶𝐶𝑚𝑚 P𝑛𝑛 Ω

The constant 𝐶𝐶 depends only on the geometric characteristics of the boundary of Ω and the

type of singularities involved.

Keywords: Algebraic polynomials; Bernstein–Walsh inequality; derivative estimates;

Dini–smooth domains; complex plane.
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Abstract  

In this study, optical soliton solutions of the Biswas–Milovic equation under Kerr law 
nonlinearity are examined analytically. Exact solutions of the nonlinear evolution equation are 
obtained by employing the modified F-expansion method, which enables a systematic 
investigation of nonlinear wave structures. Using this approach, several families of soliton 
solutions are derived, including bright, dark and periodic soliton forms. In addition, periodic 
wave solutions are observed to arise under appropriate parameter choices. The results show 
that the Biswas–Milovic equation supports different dynamical wave behaviors depending on 
the selected parameters. In this sense, the present work provides a unified analytical treatment 
of various soliton structures within a single framework and contributes to a clearer theoretical 
understanding of soliton dynamics in nonlinear optical models. The obtained solutions may 
serve as a useful basis for future analytical studies of related nonlinear evolution equations. 

Keywords: Biswas–Milovic equation; Kerr law nonlinearity; Modified F-expansion method; 

Optical solitons. 
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Abstract  

Recent advances in generative artificial intelligence have sparked growing interest in AI-
assisted learning; however, the use of generic AI tools in mathematics education remains 
problematic due to inconsistent reasoning, limited pedagogical alignment, and frequent 
mathematical inaccuracies. This paper presents the design and evaluation of a custom 
instructor-trained AI tutor (Math-GPT) developed specifically to support university-level 
mathematics learning. Unlike general-purpose AI systems, the proposed Math-GPT is trained 
exclusively on instructor-curated materials, including lecture notes, handwritten derivations, 
worked examples, and structured solution templates, ensuring alignment with established 
mathematics pedagogy. The study adopts a mixed-methods research design, using a Calculus 
II course as a pilot context to investigate the impact of the Math-GPT on student learning 
outcomes, engagement, and confidence. Quantitative data include pre- and post-conceptual 
assessments, quiz and exam performance, and usage analytics, while qualitative data are 
gathered through student surveys, reflections, and focus groups. Statistical hypothesis testing is 
employed to evaluate learning gains and identify relationships between AI usage patterns and 
performance outcomes. Preliminary findings indicate that students using the Math-GPT 
demonstrate improved conceptual understanding, higher problem-solving accuracy, and 
increased self-efficacy compared to non-users. Students also report greater clarity in 
understanding multi-step procedures and reduced frustration when studying independently. The 
paper further discusses design principles for instructor-aligned AI tutors and outlines a scalable 
framework for integrating custom AI support into mathematics curricula. These results suggest 
that discipline-specific, pedagogy-aware AI tutors can play a meaningful role in enhancing 
mathematics learning when thoughtfully designed and rigorously evaluated. 
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Abstract  

In this study, a numerical approach for solving fractional differential equations is 
presented. Approximate solutions are obtained using the fractional Euler method, and the results 
are compared with available analytical solutions to evaluate the accuracy and efficiency of the 
proposed scheme. The comparative analysis demonstrates that the fractional Euler method 
provides reliable and consistent approximations, particularly for different values of the 
fractional order. The findings confirm the effectiveness of the numerical approach and highlight 
its potential applicability to a wide class of fractional-order models. 

Keywords: Fractional differential equations; Euler method; Approximate solutions. 
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Abstract  

This study focuses on the theoretical construction of Advection-Diffusion-Reaction 
(ADR) equations using $Z^{+}$-number valued parameters and Atangana-Baleanu-Caputo 
(ABC) fractional derivatives. In modeling transport processes, it is often necessary to handle 
both the memory effects of the medium and the uncertainty of the data. While standard fuzzy 
sets address the vagueness of parameters, they lack the ability to model the reliability of the 
information source. To fill this gap, we incorporate $Z^{+}$-numbers into the ADR model, 
allowing for a simultaneous evaluation of information restriction and its associated 
reliability.The mathematical formulation is built on the ABC operator, which, through its non-
singular Mittag-Leffler kernel, provides a more flexible framework for non-local dynamics 
compared to classical derivatives. A key part of our theoretical approach is the use of granular 
derivatives. This method is employed to prevent the typical problem where the uncertainty 
interval of a solution grows unnaturally over time. By combining granular computing with 
$Z^{+}$-numbers, we establish a consistent way to define the evolution of the ADR process. 
The paper details the structural properties of this model and discusses how the fractional order 
and reliability components interact within a granular space. This work provides a formal basis 
for analyzing mass transport in systems where both the physical parameters and the data sources 
are uncertain. 

Keywords: ABC Fractional Derivative, $Z^{+}$-numbers, Granular Computing, ADR 

Equations. 
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Abstract 

Introduction: The global pandemic caused by COVID-19 has led to an appalling effect on health. 
This work aims to show the performance of four machine learning based models in COVID-19 
cases forecast, machine learning based models because of accurate and nonlinearity estimate 
abilities were applied, comprising of ANN, ANFIS, SVM as well as conventional MLR models. 
Methodology: The complete confirmed cumulative cases of COVID-19 due to the infection by 
the novel virus in regions with highest cases of the novel diseases (Southern Africa and West 
Africa) and regions with lowest cases (Eastern and Northern Africa) were considered in this 
research, these respective nations have been selected crosswise diverse African provinces to 
symbolize multiplicity. Additionally, their Statistics of affirmed cases are order of extents 
disparities, which make available sufficient opportunity to assess the planned simulations for the 
territories with both low and high amounts of confirmed cases, additionally, a small number of 
these states has documented the confirmed cases and the rate of mortality moderately longer time 
than several other nations, which is one more evidence for selecting them. Results: Numerous 
time lags were employed so as to achieve the Markov strong point of the earlier incidences with 
regards to the present issue. According to Table 9 outcomes for Eastern African states, demonstrate 
the low predictive efficacy by the applied models in Uganda, the model with maximum 
performance in the validation stage is adaptive neuro-fuzzy inference system having Mean 
Absolute Deviation = 0.0181, Mean Square Error = 0.0056, Mean Square Error = 0.0750 and R2 
= 0.0650. Regarding the outcomes of Southern Africa illustrated by Table 11 in the stage of 
validation, it can be observed that the entire models possessed greater prediction efficacy. ANFIS 
has the paramount modelling proficiency having Mean Absolute Deviation = 0.0195, Mean Square 
Error = 0.0011, Root Mean Square Error = 0.0331 and R2 = 0.8846. These findings can hand out 
as an allusion for modeling COVID-19 cases as well as determining hospitalization requirements.  

Key words: Machine Learning, COVID-19, Models, Pandemic. 
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Abstract  

Chronic kidney disease (CKD) is a major public health concern, often driven by underlying 
conditions such as diabetes and hypertension. This study presents a compartmental model to 
analyze the progression of kidney function decline under the influence of these risk factors.  
The system is modeled using a set of ordinary differential equations (ODEs) describing the 
evolution of each compartment over time. Simulations demonstrate that without intervention, 
the proportion of individuals in CKD increases significantly, whereas appropriate treatment and 
disease management slow progression. This model provides a quantitative framework to assess 
the impact of risk factors and treatment strategies on kidney function decline, offering valuable 
insights for public health planning and clinical decision-making. 
 
Keywords: Exponential Chronic Kidney Disease, Compartmental Model, Mathematical Modeling, 
Disease Progression, Ordinary Differential Equations, Renal Function Decline 
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Abstract  

 

In this study, enlightened by the S-spectral and the local S-spectral theory of right linear 

operators, we investigate and study some results of the S-spectra and local S-spectra of right 

linear operators matrices. In addition, we give the necessary and sufficient conditions to 

characterize some S-spectra of the block operator matrix in terms of the S-spectra of its diagonal 

entries. Finally, we explore how the operator matrix of right quaternionic linear operators has 

the single-valued extension property (abbreviated SVEP). 
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Abstract  

In this presentation, we deal with the theory of the relatively Fredholm perturbations which 
allows us to provide a new criteria to characterize some essential spectra of the sum of two 
2*2 blocks of operators matrices. 
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Essential spactra. 
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Abstract  

The anisotropic properties, curing procedures, and intricate material interactions of 3D printed 

concrete (3DPC) are the main challenges in applying machine learning algorithms to cutting-

edge technologies such as 3DPC to forecast its compressive strength (CS). This study 

explores machine learning (ML) and deep learning (DL) models for predicting compressive 

strength (CS) in 3D-printed concrete (3DCP). Four models, LinkNet-50, UNet, Neural SDE, 

and SVR, were evaluated using experimental data. Feature analysis identified Silica Fume 

(SF) as the strongest positive CS influencer (correlation: 0.94) and Slag (S) or Hydrated 

Matrix Content (HMC) as critical negative factors. Neural SDE demonstrated superior 

reliability with balanced error distributions (-0.2 to 0.4) during training, effectively modeling 

material uncertainty. SVR exhibited persistent overestimation bias, while LinkNet-50 and 

UNet showed robust accuracy but minor testing-phase generalization gaps. This work 

establishes Neural SDE as a transformative tool for stochastic modeling in additive 

manufacturing 

Keywords: 3D concrete printing, compressive strength prediction, Neural SDE, stochastic 

modeling, machine learning, additive manufacturing. 
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and SVR, were evaluated using experimental data. Feature analysis identified Silica Fume 

(SF) as the strongest positive CS influencer (correlation: 0.94) and Slag (S) or Hydrated 

Matrix Content (HMC) as critical negative factors. Neural SDE demonstrated superior 

reliability with balanced error distributions (-0.2 to 0.4) during training, effectively modeling 

material uncertainty. SVR exhibited persistent overestimation bias, while LinkNet-50 and 

UNet showed robust accuracy but minor testing-phase generalization gaps. This work 

establishes Neural SDE as a transformative tool for stochastic modeling in additive 

manufacturing 

Keywords: 3D concrete printing, compressive strength prediction, Neural SDE, stochastic 

modeling, machine learning, additive manufacturing. 
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Abstract  

This paper proposes an economic production quantity model for non-instantaneously 
deteriorating items in which a gradual supply and shortage are considered. The demand 
during production time is continuous and at a constant rate while it is replenishment is gradual 
supply. Shortage is allowed and completely backlogged. The purpose is to determine the 
production cycle time and optimal inventory level in each cycle so that the total variable cost 
is minimized. The necessary and sufficient conditions are provided to show the existence and 
uniqueness of the optimal solution while a solution methodology based on differential 
calculus is adopted. The MATLAB software was also used in plotting graph in order the 
complexity of the proposed model. Then numerical example, sensitivity analysis and 
graphical representation are provided to illustrate the application of the proposed model.we 
obtain some new complex analytical solutions to the nonlinear Kundu-Eckhaus equation 
which seems in the quantum field theory, weakly nonlinear dispersive water waves and 
nonlinear optics by using exponential function method. 

Keywords: EPQ model, Deteriorating items, Gradual supply. 
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Abstract  

The finite elements based on the strain approach have been extensively applied to the 
linear analysis of plate structures due to its highly efficiency and faster convergence compared 
to the displacement formulated elements. However; its application to nonlinear analysis 
remains relatively limited, primarily due to the complexity of non linear behavior 
assumptions, in addition to the computational difficulties associated with the nonlinear 
stiffness matrix formulation. In the present paper, the strain-based approach is extended to the 
geometrically nonlinear analysis of isotropic plates subjected to transverse loading with 
complex boundary conditions. A quadrilateral Mindlin plate element based on the strain 
formulation is coupled with a strain-based membrane element. The nonlinear equilibrium 
equations are solved through the Newton–Raphson iterative procedure. Through the 
applications performed, the results obtained show excellent agreement with ABAQUS 
simulations and previously published finite element solutions. This confirms the accuracy and 
the robustness of the proposed element. Furthermore, the findings emphasize the importance 
of the strain based approach for the nonlinear analysis of plate structures   

Keywords: Strain-based finite element, plate element, Non linear analysis, Complex boundary 

conditions. 

REFERENCES 

1. AL-Nadhari, A.M., Hamadi, D. & Legouirah, M. Formulation of an efficient strain-based 
finite element for large deflection analysis and free vibration of plates. Asian J Civ Eng 26, 
3821–3841 (2025). https://doi.org/10.1007/s42107-025-01400-0. 

2.  AL-Nadhari, A.M., Abderrahmani S., Hamadi, D. & Legouirah, M. Advanced analysis of 
rectangular plate elements using strain-based Kirchhoff theory for static and free vibration 
responses under complex boundary conditions.  Mechanics of Advanced Materials and 
Structures, 1-13,   10 December (2025). 
https://www.tandfonline.com/doi/abs/10.1080/15376494.2025.2595689 
 



3310th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

GENERALIZED ENTRY FORMULA FOR 
COMPUTING A MULTIVARIATE POLYNOMIAL 

RESULTANT 
Surajo Sulaiman 1  and Aliyu Suleiman2 

1 Department of Mathematics, Northwest University, Kano, Nigeria. 
2Department of Mathematics, Air Force Institute of  Technology, Kaduna, Nigeria. 

ssulaiman@yumsuk.edu.ng and a.suleiman@afit.edu.ng , 

 

Abstract  

In an elimination theory particularly using a matrix method to compute multivariate resultant. 

The ultimate goal is to derive or construct technique that have a considerable size. In this paper, 

the entry for computing 𝑛𝑛 × 𝑛𝑛 Dixon matrix was found and is free from any extraneous factor. 

The result of complexity analysis reveal a significant decrease in terms of the degree of the 

computational complexity.   All computer algebra system (CAS) have only functions that can 

evaluate three bivariate polynomials. Therefore availability of this formula will now provide a 

chance for a generalize function that will have no restriction to certain class of polynomial. 

Another advantage of the formula was the computation without intermediate cancellations 

terms that are redundant. 
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Abstract

Financial institutions, traders, and investors depend heavily on stock price predictions,
but traditional approaches frequently falter due to the complexity and volatility of the market.
In order to increase the accuracy of stock price predictions, the research suggests a hybrid
BiLSTM-GWO model that captures long-term dependencies in the dynamic and non-linear
character of financial markets while also optimizing model parameters. The main objectives
are to develop a hybrid BiLSTM-GWO stock price prediction model, train and test it on
historical stock data, and assess its effectiveness with important performance indicators.
Through efficient parameter optimization and temporal data analysis, the methodology
combines the GWO algorithm with the BiLSTM network to improve the predictive power of
the model. It is anticipated that the suggested hybrid technique will increase the model's
resilience to changing market conditions and surpass conventional models in terms of forecast
accuracy, particularly when it comes to identifying intricate stock market patterns. This
framework is expected to provide financial institutions and investors with a more dependable
tool for risk management and investment strategy improvement. When ongoing trials are
finished, final data will confirm the BiLSTM-GWO model's efficacy. .

Keywords: LSTM, BiLSTM, GWO, Stock price prediction
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Abstract  

Malaria is a serious infectious disease caused by a peripheral blood parasite of the genus 

Plasmodium. Conventional microscopy is the standard method for diagnosing the disease, but 

there are challenges in reproducibility due to the nature of the microscopic images. Considering 

the remarkable health impact of malaria globally, there is a special need to develop 

mathematical algorithms to restore blurry images to enhance the diagnosis and software 

analysis of microscopic slides. This study employed the Inertial Tseng Algorithm (ITA) and 

the Fast Iterative Shrinkage Thresholding Algorithm (FISTA) to process and enhance malarial 

parasite images afflicted with known additive noise and blur functions. Furthermore, the 

performance of these algorithms in the restoration process of test images containing parasitized 

and un-parasitized blood cell images was revealed using advanced image processing tools. 

Numerical simulations showed that the ITA method consistently surpassed the FISTA method 

in restoring the degraded images. Overall, the research underscored the effectiveness of the 

utilized algorithms and emphasized the significance of integrating mathematical algorithms 

with newly established mechanisms in the processing and restoration of medical images. 

Keywords: Medical blood parasite; Microscopic images; Diagnosis; Image deblurring; Additive 
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Abstract  

The Ebola virus disease is a highly fatal zoonotic disease with bats considered the natural 
reservoir host. Understanding the transmission dynamics between bats and humans is crucial 
for developing effective control strategies. This study proposes a mathematical model to 
investigate the spread of Ebola through the interaction of these two populations and 
contaminated environment. A system of nonlinear ordinary differential equations incorporates 
various epidemiological factors, including disease progression, environmental contamination, 
and cross-species transmission. The model’s properties, such as positivity, boundedness, and 
stability, are established. Optimal control theory is employed to formulate control strategies 
representing interventions like culling, vaccination, and quarantine. Pontryagin’s Maximum 
Principle is applied to derive the necessary conditions for optimal control. Numerical 
simulations are conducted to evaluate the impact of control measures on disease prevalence. 
The findings provide insights into the interplay between bat and human populations in Ebola 
virus transmission and inform public health policies for mitigating future outbreaks. 

Keywords: Ebola Virus; Bats; Human; Optimal Control; Environmental contamination 

 

REFERENCES 

1. Riad, M.H., Adekunle, A.I., Okuonghae, D., Gumel, A.B. and Dzonzi-Undi, H., 2022. A 
multihost model for assessing the impact of environmental transmission on Ebola virus 
disease dynamics. Infectious Disease Modelling, 7(1), pp.53–72. 

 

 



3710th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

 
Optimal Control and Mathematical Modeling of Ebola 

Virus Transmission in Bat-Human Interactions 
Farouk Sa’ad 1  

1 Department of Mathematics, Northwest University, Kano, Nigeria 

ftsaad@yumsuk.edu.ng 

 

Abstract  

The Ebola virus disease is a highly fatal zoonotic disease with bats considered the natural 
reservoir host. Understanding the transmission dynamics between bats and humans is crucial 
for developing effective control strategies. This study proposes a mathematical model to 
investigate the spread of Ebola through the interaction of these two populations and 
contaminated environment. A system of nonlinear ordinary differential equations incorporates 
various epidemiological factors, including disease progression, environmental contamination, 
and cross-species transmission. The model’s properties, such as positivity, boundedness, and 
stability, are established. Optimal control theory is employed to formulate control strategies 
representing interventions like culling, vaccination, and quarantine. Pontryagin’s Maximum 
Principle is applied to derive the necessary conditions for optimal control. Numerical 
simulations are conducted to evaluate the impact of control measures on disease prevalence. 
The findings provide insights into the interplay between bat and human populations in Ebola 
virus transmission and inform public health policies for mitigating future outbreaks. 

Keywords: Ebola Virus; Bats; Human; Optimal Control; Environmental contamination 

 

REFERENCES 

1. Riad, M.H., Adekunle, A.I., Okuonghae, D., Gumel, A.B. and Dzonzi-Undi, H., 2022. A 
multihost model for assessing the impact of environmental transmission on Ebola virus 
disease dynamics. Infectious Disease Modelling, 7(1), pp.53–72. 

 

 

Dynamical Behaviour and New Exact Travelling Wave 
Solutions for the (2+1) dimensional Fractional Stochastic 
Davey-Stewartson System via Two Robust Techniques 

Ado Balili 1  

1 Department of Mathematics,  Northwest University, Kano, Nigeria 

adobalili@gmail.com  

 

Abstract  

This paper explores the truncated M fractional stochastic Davey Stewartson system influenced 
by noise within the framework of Itô calculus. As a two-dimensional integrable system and a 
higher dimensional extension of the nonlinear Schrödinger equation, this model has 
applications in plasma physics, nonlinear optics, hydrodynamics, and related areas. To obtain 
exact optical soliton solutions which include dark, bright, combined, and periodic waveforms. 
We employ the improved Bernoulli sub equation function method (IBSEFM) and extended 
Kudryashov method (EKM). These solutions offer valuable insights into various complex 
physical processes, particularly due to the significance of the Davey–Stewartson equation in 
modeling turbulence in plasma waves and optical fiber dynamics. Furthermore, we utilize 
Maple to visualize the results through 3D plots, contour diagrams, 2D plots, and polar 
coordinate plots, illustrating impact of fractional order and the effects of stochastic noise on the 
behavior of the solutions. Our findings reveal that the multiplicative Brownian motion helps 
stabilize the solutions around zero. 

Keywords: Travelling wave solution; Davey-Stewartson system; Extended Kudryashov 

method; Improved Bernoulli sub-equation function method; Stochastic 
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Abstract  

In this talk, we study the rotational 𝜆𝜆-translators 𝑀𝑀 in Euclidean space, namely those 
surfaces whose Gaussian curvature 𝐾𝐾 satisfy 𝐾𝐾 = 〈𝑁𝑁, 𝑣𝑣〉 + 𝜆𝜆, where 𝑁𝑁 is the Gauss map of 𝑀𝑀, 
𝑣𝑣  is the fixed direction and 𝜆𝜆  is a real constant. In particular, we re-consider the obtained 
existence result in [2] when 𝑀𝑀 intersects the rotation axis, orthogonally. In this case, since the 
resulting ODE is singular, the classical theory does not assure the its existence. Using Fixed 
Point Theory, we see that the solutions exist. 
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Abstract  

In this paper, Salmonellosis is a significant zoonotic infection transmitted from animals 
to humans, primarily through foodborne pathways. In this study, a two-population SIR 
epidemic model is developed to investigate the transmission dynamics of Salmonella between 
animal and human populations. The model incorporates intra-animal transmission, animal-to-
human transmission, human-to-human spread, and recovery processes within a unified 
mathematical framework. The resulting system of nonlinear differential equations is solved 
numerically in the Mathematica environment using the Euler and fourth-order Runge–Kutta 
methods. Simulations performed under different parameter scenarios reveal the critical role of 
transmission rates and hygiene-related factors in shaping disease progression. The proposed 
model provides a systematic mathematical framework for analyzing cross-population 
transmission mechanisms of Salmonellosis and contributes to quantitative assessments aimed 
at improving zoonotic disease control strategies. 
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Abstract  

Nonlinear partial differential equations play an important role in modeling complex 
phenomena encountered in physics, engineering, and applied sciences. In this study, the 
(m+1/G') method was applied to obtain analytical solutions of selected nonlinear partial 
differential equations. Through an appropriate wavelet transformation, the equations under 
consideration were reduced to ordinary differential equations, and their solution structures 
were systematically constructed using the (m+1/G') method. As a result of applying the 
method, various closed-form solutions in the forms of hyperbolic, trigonometric, and rational 
functions were obtained.  The accuracy and structure of the obtained solutions were verified 
using the Mathematica program. The program has provided great convenience in the symbolic 
solution of differential equations and the visualization of results, enabling the step-by-step 
examination of the consistency and accuracy of solutions in the form of hyperbolic, 
trigonometric, and rational functions obtained through the method. 
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Abstract  

In this paper, we propose a flexible two-parameter extension of the Inverse Rayleigh 
distribution for modeling lifetime data. The main statistical properties of the proposed model 
are investigated, including its quantile function, moments, mean deviations, entropy measures, 
stress–strength reliability, and order statistics. Parameter estimation is carried out using 
maximum likelihood estimation, the method of moments, and least squares estimation. The 
performance of the proposed estimators is assessed through a Monte Carlo simulation study in 
terms of bias and mean squared error. Real data applications confirm the practical usefulness 
and improved flexibility of the proposed model over classical and competing alternatives. 

Keywords: Inverse Rayleigh distribution, hazard rate function, maximum likelihood 
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Abstract  

Autonomous cryptocurrency trading agents have gained significant traction following 
the February 2026 launch of Coinbase's Agentic Wallets, with over 13,000 agents registering 
within 24 hours. However, existing multi-agent trading systems rely primarily on 
collaborative consultation (TradingAgents) or sequential self-reflection (TradingGroup), 
lacking structured adversarial deliberation mechanisms. We propose Consensus-Gated 
Execution, a novel multi-agent architecture where specialized Bull and Bear agents engage in 
structured debate rounds, with a meta-evaluator synthesizing arguments to determine trade 
execution based on consensus strength. Our approach introduces three key innovations: 
role-specialized adversarial agents, multi-round argument refinement protocols, and 
evidence-based consensus gating that modulates position sizing based on debate quality. 
Preliminary theoretical analysis suggests this architecture should improve drawdown 
management through systematic risk identification while maintaining decision quality through 
adversarial stress-testing of trading theses. The system integrates with existing execution 
infrastructure via the MCP protocol, positioning itself as the missing decision-making layer 
between market data and trade execution. 
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Abstract  

This study examines conformable fractional nonlinear partial differential equations. A 
novel analytical framework, referred to as the conformable Adomian decomposition method, 
is proposed for solving the considered equations. The developed approach is constructed 
through the integration of the conformable fractional derivative and the Adomian 
decomposition technique. The efficiency of the proposed scheme is evaluated through 
numerical simulations, which confirm the reliability and effectiveness of the method in 
generating approximate solutions for the investigated fractional models. 

Keywords: Conformable fractional derivative; Fractional Nonlinear Partial Differential 

Equations; Adomian decomposition method. 
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Abstract 

    In this paper, we address the mathematical differential equation system of the pharmacokinetic 
model to demonstrate drug distribution via oral administration. The aim of this study is to solve a 
more general version of the model that includes the -derivative.  We solve the -derivative 
pharmacokinetic model using the -Laplace transform, a powerful tool.  A general assessment is 
made regarding the effects of drug absorption on the body. We analyze the graphs of the 
obtained results using the MATLAB program.[1-4]. 
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Abstract  

      In this study, we propose an improved model for achieving energy savings and 

efficiency in building heating and cooling systems using novel local limit-based fractional 

operators. The model is formulated using both the truncated 𝑀𝑀-derivative and the truncated 

𝑀𝑀 -series fractional derivative. Analytical solutions for these two different mathematical 

models are obtained using the Laplace transform, and a simulation analysis is performed to 

observe and compare the behavior of the solution curves. The 𝑀𝑀-series fractional derivative 

approach demonstrates that the additional degrees of freedom it introduces to the system 

allow for a more flexible and realistic modeling of non-renewable energy efficiency [1-3]. 
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Abstract  
In this study, we examined (2+1)-dimensional perturbed Biswas–Milovic equation with parabolic 
law and constructed its optical soliton solutions using the Kudryashov method. We obtained dark 
and kink solitons and analyzed their behavior for some parameters value. Using 2D and 3D graphs, 
we illustrated how variations in system parameters directly influence soliton propagation, revealing 
the link between parameter changes and dynamic responses. We researched modulation instability 
analysis to track the spatiotemporal evolution of the system and identify the instability thresholds. 
Our results show that the parabolic law strongly shapes both the dynamic and stability of solitons. 
By deriving a diverse set of exact analytical solutions and explicitly demonstrating the effect of the 
parabolic law on soliton behavior, we provided deeper insight into nonlinear wave dynamics. These 
findings directly inform the design of advanced optical systems and expand potential applications in 
communication technologies and nonlinear wave theory. 

Keywords: (2+1)-Biswas-Milovic equation; Dark and kink solitons; Perturbation; The Kudryashov 
technique; Modulation instability. 
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Abstract  

In this work, the Painleve property, the traveling wave transformation, and the φ6-model 
expansion method are used to construct exact analytical solutions of a Liouville-type 
nonlinear evolution equation. An extended algebraic framework is used to solve the ordinary 
differential equation that results from the reduction of the governing partial differential 
equation using a suitable traveling wave transformation. The logarithmic expressions of the 
obtained solutions result in a variety of nonlinear wave structure families, such as singular 
wave profiles, periodic waves, and solitary waves. To demonstrate the dynamical behavior of 
the model, the impact of physical parameters on the propagation properties of the solutions is 
examined. The outcomes show that the chosen approach offers a methodical and effective 
way to obtain exact solutions for nonlinear equations with exponential nonlinearities. These 
results advance our theoretical knowledge of nonlinear. These findings contribute to the 
theoretical understanding of nonlinear wave propagation and may be useful in applications 
related to fluid dynamics, plasma physics, and other areas of applied science where Liouville-
type models arise. 
Keywords: The Liouville equation; Logarithmic exact solutions; Jacobi elliptic functions; the 

φ6-model expansion method. 
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Abstract  

Delays in construction projects are a major problem worldwide, often causing higher 
costs, lower quality, and damage to contractors’ reputation. Managing and predicting these 
delays is challenging because construction projects are complex, involve many different factors, 
and the data available is often limited or incomplete. Traditional methods for analyzing risk are 
usually not enough, as they rely on personal judgments and cannot fully show how different 
factors affect each other over time. 

In this study, we examined delay risks using data from real construction projects. Key 
factors affecting delays, such as project size, duration, resource use, and management practices, 
were analyzed in detail. Projects were then grouped based on their delay levels. Machine 
learning techniques were used to create models that can predict the likelihood of delays in new 
projects. These models were tested to see how reliable and accurate they were, showing that 
data-driven approaches can help project managers make better decisions and reduce the 
negative impacts of delays. 
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REFERENCES 

1. Saleh Alsulamy, Predicting construction delay risks in Saudi Arabian projects: A 

comparative analysis of CatBoost, XGBoost, and LGBM, Expert Systems with Applications, 

Vol:268, No:126268, 1–16, 2025. 

2. Aynur Kazaz, Serdar Ulubeyli, Nihan Avcioglu Tuncbilekli, Causes of Delays in 

Construction Projects in Turkey, Journal of Civil Engineering and Management, Vol:18, 

No:3, 426–435, 2012. 

3. Christian Nnaemeka Egwim, Hafiz Alaka, Luqman Olalekan Toriola-Coker, Habeeb 

Balogun, Funlade Sunmola, Applied artificial intelligence for predicting construction 

projects delay, Machine Learning with Applications, Vol:6, 100166–100166, 2021. 



5110th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

AN OVERVIEW OF RECENT MATHEMATICAL 
MODELS TO PREDICT EPIDEMICS 

Şeyma Firdevs Hızal1, Özlem Defterli2, Hasan Bulut1,3 
1Department of Mathematics, Fırat University, Elazıg, TR23100, Turkey 

2Department of Mathematics, Cankaya University, Ankara, TR06815, Turkey 
3Department of Mathematics, Beykent University, İstanbul, TR34500, Turkey 

sfkorkmaz@firat.edu.tr, defterli@cankaya.edu.tr, hbulut@firat.edu.tr 

 

Abstract  

Mathematical models are essential tools for understanding the transmission dynamics of 
infectious diseases and predicting the progression of epidemics. In recent years, numerous 
studies have focused on the development of epidemiological models based on mathematical 
and data-driven approaches. This study provides a brief overview of commonly used 
epidemiological modeling frameworks reported in the literature. The reviewed studies 
primarily involve classical compartmental models such as the SIR and SEIR models and their 
extensions, which describe disease transmission through systems of differential equations 
representing transitions between epidemiological compartments. In addition, recent research 
increasingly integrates computational techniques and data-based forecasting methods to 
improve prediction accuracy. Despite these advances, challenges related to parameter 
uncertainty, data limitations, and the incorporation of behavioral factors remain significant 
issues in epidemic modeling. This study summarizes the main mathematical approaches used 
in epidemiological modeling and prediction. Further directions will be discussed. 
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Abstract  

This study introduces a novel two-parameter lifetime distribution, called the Cauchy 
Modified Garima (CMG) model, constructed by applying a Cauchy-type generator to the 
Modified Garima baseline distribution. Owing to its parsimonious yet flexible structure, the 
proposed model can capture a variety of density shapes, including decreasing and unimodal 
forms, and it provides enhanced tail flexibility through the Cauchy parameter. Key 
distributional properties are investigated, including the survival and hazard rate functions, 
quantile function, entropy-based measures, and order statistics with residual life functions. 
Parameter inference is conducted using both likelihood-based estimation and Bayesian 
MCMC procedures, and the finite-sample performance of the resulting estimators is assessed 
via Monte Carlo simulations. The practical relevance of the proposed CMG distribution is 
illustrated through two real data applications and benchmarked against several competing 
lifetime models, including classical Garima-type and standard reliability distributions. 
Overall, the comparative analyses indicate that the CMG model provides accurate estimation 
and competitive fit, highlighting its effectiveness for heterogeneous lifetime and reliability 
data with potentially heavy-tailed behavior. 

Keywords: Cauchy-generated distribution; Modified Garima distribution; quantile function; 
hazard rate; maximum likelihood estimation; Bayesian inference; reliability analysis. 
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Abstract  

This study presents a method for solving nonlinear partial differential equations using an 

artificial intelligence-assisted modified exp-expansion function. First, the nonlinear equation 

is transformed into an ordinary differential equation by applying an appropriate traveling 

wave transformation. The analytical solution is then expressed as a finite series expansion 

made up of exponential functions within the modified exp-expansion framework. Unlike 

traditional analytical methods, the degree of the expansion and the unknown coefficients in 

the series are determined automatically with an artificial intelligence-based search strategy. 

This removes the need for manual trial procedures often used in standard expansion 

techniques. The proposed framework systematically investigates the possible solution space 

and finds parameter combinations that meet the governing equation. As a result, the analytical 

structure of the solutions is maintained, and the computational complexity is greatly reduced. 

Additionally, incorporating artificial intelligence into the modified exp-expansion method 

enhances the flexibility of the classical approach and allows for the generation of a wider 

range of exact solutions for nonlinear dynamical systems and various applied mathematical 

models. 

Keywords: AI-supported analytical method, Modified Exp-Expansion Function Method, 
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Abstract  

In this study, the nonlinear evolution equation addressed is used to model various 
physical phenomena, primarily in fluid mechanics and wave dynamics, as well as in 
biophysical processes, nonlinear optical systems, and plasma physics [1,3]. Two advanced 
analytical methods have been used to obtain exact solutions of the equation. These methods 
have created many soliton solutions and different wave solutions for the model. In addition to 
the analytical techniques employed, a periodic solution has been obtained using the energy 
equation. This demonstrates that the dynamics of the system are stable, the solution is 
consistent with the physical principle of energy conservation, and the solutions are applicable 
to real physical systems. Finally, detailed analyses of the physical behaviors of some solutions 
have been conducted using 3D, 2D, and contour plots. The techniques applied and the 
solutions achieved offer a strong resource for various physical and engineering challenges, 
making a significant contribution to research in these fields. 

Keywords: Nonlinear Dynamics; Exact solutions; Soliton Solutions;  
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making a significant contribution to research in these fields. 
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Abstract  

In this study, a (2+1)-dimensional nonlinear evolution equation, which is effective in 
problems related to soliton waves, will be addressed, involving phenomena with mathematical 
physics and complex dynamics such as biophysics and ecology models, nonlinear fluid 
dynamics, plasma physics, geophysics, and acoustic applications [1,3]. An advanced 
analytical method has been used to obtain exact solutions of the equation, and a variety of 
wave solutions with dark, bright, periodic, combo, and lump soliton structures have been 
derived. Some of these solutions have been visualized through 3D, 2D, and contour plots, and 
their physical structures have been thoroughly examined. Comprehensive analyses have been 
conducted on the dynamic properties, structural diversity, and physical meanings of the 
solutions. The visualization of these solutions shows how such equations behave in different 
physical environments. 
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Abstract  

In this study, the Novel Lomax-Garima (NL-G) distribution, a novel continuous 
probability distribution combining the flexibility of the Lomax distribution with the modeling 
capacity of the Garima distribution, is introduced. The statistical properties of the distribution 
are comprehensively examined; the validity of the probability density function (PDF), 
cumulative distribution function (CDF), hazard function, quantile function (via the Lambert-
W function), and series expansion representation are derived. Furthermore, closed-form 
expressions for the moments of the distribution are obtained. The Least Squares (LS), 
Weighted Least Squares (WLS), and Maximum Likelihood (ML) methods are used to 
estimate the parameters of the proposed distribution. The efficiency of the estimation methods 
is evaluated according to bias and mean square error (MSE) criteria through a comprehensive 
simulation study conducted for different sample sizes. The findings reveal the consistency and 
efficiency of the estimators, particularly the ML estimators, with increasing sample size. 

Keywords: Lomax Distribution, Garima Distribution, Quantile Function, Lambert-W 
Function, Maximum Likelihood Estimation, Simulation. 
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Abstract  

In this study, stability inequalities and numerical solutions for third-order neutral integro-
differential equations are investigated. New stability inequalities are derived to establish the 
stability of the solutions. Moreover, a numerical method is used to approximate the solutions 
of the considered problem. The obtained results contribute to the theoretical analysis and 
numerical solutions of third-order neutral integro-differential equations. 

Keywords: Neutral integro-differential equations; Stability inequalities; Numerical solutions. 
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Abstract 

The purpose of this study is to obtain soliton solutions for a mathematical model that is nonlinear. 
The extraction of various kinds of solutions is accomplished by the utilization of an effective sine-
Gordon equation (SGEM) approach. The three-dimensional, two-dimensional, and contour plots 
have been utilized in order to illustrate the physical characteristics of the solutions that have been 
produced. 
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Abstract 

In this study, we consider the the method of fundamental solution both on 2D and 3D 

cases by considering fundamental solutions of Laplace, convection-diffusion and modified 

Helmholtz equations. We tested the proposed numerical procedure for different type problems 

and obtain solutions are compared in terms of L2 norms using the exact solutions of the 

corresponding partial differential equations. Then, the considered schemes are applied to the 

numerical  solution  of  the  MHD  flow  equations  by  transforming  the  coupled  partial 

differential  equations to  the both decoupled convection-diffusion and modified Helmholtz 

equation forms. The comparision of the two different numerical formulations are performed 

using the known exact solution of the MHD equation in 2-D case over square domain. Finally, 

the formulations are extended for the solution of the 3-D MHD equations. Obtained solutions 

are displayed in terms of tables and figures for different problem parameters.

Keywords: Fundamental Solution Method, MHD Equations, 3-D Application
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Abstract  

Improving low-light images is a well-known challenge, especially when trying to 

increase brightness without ruining colors or adding structural noise. While deep learning 

models handle this reasonably well, they usually work as opaque "black boxes" and need 

heavy computational resources. In this paper, we take a completely different route using 

Geometric Function Theory. Instead of relying on massive training data, we construct our 

approach around bi-univalent functions defined on the open unit disk, structured under 

Sakaguchi subordination and driven by Hermite polynomials. This setup lets us explicitly 

calculate the upper bounds for the initial Taylor coefficients ( 2a and 3a ). We tested our 

method on the standard LOL dataset and evaluated the results using the SSIM metric. Overall, 

our mathematical model proves to be a practical, transparent alternative to data-heavy 

algorithms for image enhancement. 
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Abstract  

This study presents a comprehensive numerical investigation of internal heat-transfer 
characteristics in a generic turbine blade passage cooled by jet impingement under high 
crossflow conditions. A three-dimensional CFD model was developed using the appropriate 
Reynolds-averaged Navier–Stokes (RANS) turbulence model to resolve jet–crossflow 
interaction, flow separation, and heat-transfer augmentation mechanisms. The numerical 
methodology is in accordance with the experimental and numerical studies available in the 
literature [1,2]. Parametric simulations were conducted for multiple impingement hole 
arrangements, jet-to-jet pitch (P) and jet-to-surface spacing (H) at various jet Reynolds numbers 
(ReD) under a certain high crossflow intensity to evaluate their influence on area-averaged 
Nusselt number (Nu) distributions. The investigated parameter space covers ReD values from 
10000 to 40000, with H/D ranging from 1.4 to 5.3 and P/D from 2 to 8 where D denotes jet 
diameter. Based on the numerical results, an empirical correlation for the Nusselt number was 
developed as a function of ReD, H/D and P/D. The results indicate that the jet Reynolds number 
is the dominant factor governing heat-transfer enhancement, while H/D and P/D exert 
secondary but comparable influences due to jet diffusion and reduced jet-to-jet interaction.  

Keywords: Internal Cooling, CFD, Heat Transfer, Jet Impingement, Crossflow. 
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Abstract  

Scientists who seek to understand, interpret, and explain the natural phenomena with 
curiosity have modeled these situations and transferred them into the abstract world of 
mathematics. They have also studied them under various solution methods and presented 
some of their findings as research studies. The main objective of this study is to present a 
numerical investigation of the Burgers equation using Hermite B-spline basis functions, 
which have become popular in recent years and are increasingly used, under certain boundary 
and initial conditions, with the help of cubic-degree Galerkin finite elements methods. To the 
best of the authors' knowledge, no study using the Galerkin method with Hermite basis 
functions has been found in the literature. This indicates the originality of the research. The 
equation under consideration will first be subjected to a Crank-Nicolson type discretization. 
Subsequently, after the nonlinear terms in the governing equation are linearized using 
appropriate linearization methods, a fully discretized structure will be obtained using Hermite 
basis functions in the spatial direction. Thus, the initial equation will be transformed into a 
problem of finding an algebraic equation system that can be solved in time and position, and a 
quadratic matrix system will be obtained using the boundary conditions given with the 
governing equation, and the corresponding code will be written using the MATLAB 
programming language, which is a symbolic programming language. Using the matrix system 
obtained and the pseudo code written, the reliability and accuracy of the numerical method 
applied under three different test problems will be investigated. If the analytical solutions 
exist for the test problems addressed in the results section, the error norms will be calculated. 
If no analytical solution exists, the conservation constants known as mass, energy, and 
momentum will be calculated and compared with other numerical solution methods in the 
literature to measure the novelty of the applied method and the accuracy of its results. The 
results will be presented in tables and graphs in the study. Upon examination of the results, it 
has been found that good results are obtained, that the method is applicable in many 
engineering applications, and that its application to partial differential equations of different 
types and under different boundary conditions is recommended. 
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Abstract  

This study presents a preliminary framework for the anageometric Laplace transform 
within non-Newtonian calculus. The transform is defined based on the anageometric integral, 
and its fundamental properties, including linearity and basic operational rules, are established. 
A simple example is provided to illustrate its basic computational behavior. The results suggest 
that the proposed transform can serve as an alternative analytical tool in non-classical settings. 
Further developments and applications, particularly in anageometric differential equations, are 
left for future work. 
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Abstract  

This study examines a nonlinear partial differential equation, which is considered one of the 
most effective models for describing the behavior of phototactic bacteria. Our aim is to 
investigate the formal Lagrangian of the equation, the conservation laws, and new analytical 
solutions of the equation, following the examination of the invariance of the nonlinear evolution 
equation under Lie point transformations [1-3]. Several exact solutions have been obtained by 
means of the semi-analytical method. Additionally, the physical dynamics of specific solutions 
have been visualized and interpreted through 3D, 2D, and contour plots.  
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Abstract  

This study examines a nonlinear partial differential equation, which is considered one of the 
most effective models for describing the behavior of phototactic bacteria. Our aim is to 
investigate the formal Lagrangian of the equation, the conservation laws, and new analytical 
solutions of the equation, following the examination of the invariance of the nonlinear evolution 
equation under Lie point transformations [1-3]. Several exact solutions have been obtained by 
means of the semi-analytical method. Additionally, the physical dynamics of specific solutions 
have been visualized and interpreted through 3D, 2D, and contour plots.  

Keywords: Nonlinear partial differential equation; Conservation laws; Lie symmetry analysis; 
Exact solutions. 
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Abstract  

This study presents a preliminary investigation of the anageometric derivative within non-

Newtonian calculus. Basic concepts, including anageometric functions, limits, and continuity, 

are briefly introduced. The anageometric derivative is defined, and its relationship with the 

classical derivative is highlighted. Fundamental properties are discussed with examples. The 

results indicate that the anageometric derivative provides an alternative approach to measuring 

variation based on logarithmic scaling.  
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Abstract  

In this work, we consider the singular parabolic type equation with initial and boundary 
conditions. We prove the nonexistence of global solutions under suitable conditions. 
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Abstract  

Improving low-light images is a well-known challenge, especially when trying to increase 

brightness without ruining colors or adding structural noise. While deep learning models handle 

this reasonably well, they usually work as opaque "black boxes" and need heavy computational 

resources. In this paper, we take a completely different route using Geometric Function Theory. 

Instead of relying on massive training data, we construct our approach around bi-univalent 

functions defined on the open unit disk, structured under Sakaguchi subordination and driven 

by Bernoulli polynomials. This setup lets us explicitly calculate the upper bounds for the initial 

Taylor coefficients ( 2a and 3a ). We tested our method on the standard LOL dataset and 

evaluated the results using the SSIM metric. Overall, our mathematical model proves to be a 

practical, transparent alternative to data-heavy algorithms for image enhancement. 

Keywords: Analytic Functions, Low-Light Image Enhancement, SSIM, Convolution. 

REFERENCES 

1. Chen Wei, Wenjing Wang, Wenhan Yang, Jiaying Liu, Deep Retinex Decomposition for 

Low-Light Enhancement, arXiv preprint arXiv:1808.04560. 

2. Zhou Wang; A.C. Bovik; H.R. Sheikh; E.P. Simoncelli, Image Quality Assessment: From 

Error Visibility to Structural Similarity. IEEE Trans. Image Process. 13(4), 600–612 (2004). 

3. K. Sivagami Sundari, B. Srutha Keerthi, Enhancing the quality of low-light images via the 

coefficient bounds derived for a subclass of Sakaguchi-type function,EURASIP Journal on 

Image and Video Processing, 2025(4), 2025.  



68 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

EXISTENCE OF SOLUTIONS FOR A HIGHER-ORDER 
WAVE EQUATION WITH DELAY TERM 

 

Güldar Efe1 and Erhan Pişkin2 

1Institute of Natural and Applied Sciences, Dicle University, Diyarbakır, Turkey 
2Dicle University, Department of Mathematics, Diyarbakır, Turkey 

guldarefe@gmail.com, episkin@dicle.edu.tr 

 

Abstract  

In this presentation, we study a higher-order wave equation with a delay term in a bounded 

domain. We consider the existence of solutions using the Faedo-Galerkin method. 

Keywords: Existence, Delay term, Faedo-Galerkin. 

 

REFERENCES 

1. T. Cömert, E. Pişkin, Global Existence and Exponential Decay of Solutions for 

Higher-Order Parabolic Equation with Logarithmic Nonlinearity, Miskolc 

Mathematical Notes, 23(2) (2022) 595-605. 

2. A. Fidan, E. Pişkin, Existence and blow up of solutions for a singular higher-order 

viscoelastic parabolic equation with logarithmic nonlinearity, FİLOMAT, 39(26) 

(2025) 9191-9211. 

3. N. Irkıl, E. Pişkin, Global existence and decay of solutions for a higher-order 

Kirchhoff-type systems with logarithmic nonlinearities, Quaestiones Mathematicae, 

45(4) (2022) 523-546. 

4. N. Yılmaz, M. Demir, E. Pişkin, Local existence and blow-up of solutions for the 

higher-order viscoelastic equation with general source term and variable exponents: 

Theoretical and numerical results, Nonlinear Analysis: Real World Applications, 89 

(2026) 104512. 



6910th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

EXISTENCE OF SOLUTIONS FOR A HIGHER-ORDER 
WAVE EQUATION WITH DELAY TERM 

 

Güldar Efe1 and Erhan Pişkin2 

1Institute of Natural and Applied Sciences, Dicle University, Diyarbakır, Turkey 
2Dicle University, Department of Mathematics, Diyarbakır, Turkey 

guldarefe@gmail.com, episkin@dicle.edu.tr 

 

Abstract  

In this presentation, we study a higher-order wave equation with a delay term in a bounded 

domain. We consider the existence of solutions using the Faedo-Galerkin method. 

Keywords: Existence, Delay term, Faedo-Galerkin. 

 

REFERENCES 

1. T. Cömert, E. Pişkin, Global Existence and Exponential Decay of Solutions for 

Higher-Order Parabolic Equation with Logarithmic Nonlinearity, Miskolc 

Mathematical Notes, 23(2) (2022) 595-605. 

2. A. Fidan, E. Pişkin, Existence and blow up of solutions for a singular higher-order 

viscoelastic parabolic equation with logarithmic nonlinearity, FİLOMAT, 39(26) 

(2025) 9191-9211. 

3. N. Irkıl, E. Pişkin, Global existence and decay of solutions for a higher-order 

Kirchhoff-type systems with logarithmic nonlinearities, Quaestiones Mathematicae, 

45(4) (2022) 523-546. 

4. N. Yılmaz, M. Demir, E. Pişkin, Local existence and blow-up of solutions for the 

higher-order viscoelastic equation with general source term and variable exponents: 

Theoretical and numerical results, Nonlinear Analysis: Real World Applications, 89 

(2026) 104512. 

GLOBAL EXISTENCE AND BLOW UP OF 
SOLUTIONS FOR A HYPERBOLIC-TYPE EQUATION 

 

Alan Kılıç 

1Institute of Natural and Applied Sciences, Dicle University, Diyarbakır, Turkey 

kilicalan359@gmail.com 

 

Abstract  

In this work, we investigate the hyperbolic-type equation with initial and boundary 

conditions. The global existence is established. Furthermore, we prove that solutions blow up 

in finite time using the concavity method. 

Keywords: Global existence, blow up, hyperbolic-type equation. 
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Abstract  

Improving low-light images is a well-known challenge, especially when trying to increase 

brightness without ruining colors or adding structural noise. While deep learning models handle 

this reasonably well, they usually work as opaque "black boxes" and need heavy computational 

resources. In this paper, we take a completely different route using Geometric Function Theory. 

Instead of relying on massive training data, we construct our approach around bi-univalent 

functions defined on the open unit disk, structured under Sakaguchi subordination and driven 

by Laguerre polynomials. This setup lets us explicitly calculate the upper bounds for the initial 

Taylor coefficients ( 2a and 3a ). We tested our method on the standard LOL dataset and 

evaluated the results using the SSIM metric. Overall, our mathematical model proves to be a 

practical, transparent alternative to data-heavy algorithms for image enhancement. 
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Abstract  

In this work, we consider the parabolic-type equation in a bounded domain with initial 
and boundary conditions. We consider the theoretical and numerical of solutions under 
suitable conditions. 
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Abstract  

In this work, we consider a higher-order wave equation with initial-boundary conditions in a 

bounded domain. First, we prove the blow-up of solutions under suitable conditions. Later, we 

provide numerical results to support our theoretical findings. 
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ABSTRACT 
In this paper, the propagating wave solutions of the Hirota-Ramani equation, a well-known 
model in physics and quantum mechanics, are investigated using a modified exponential 
function method. This method is used to find the analytical propagating wave solutions of the 
Hirota-Ramani equation. Different propagating wave solutions are obtained by giving 
appropriate values to the parameters of the nonlinear mathematical model. In this way, two and 
three-dimensional graphs of the different wave solutions obtained are plotted according to the 
appropriate parameters. 
Keywords: Modified Exponential Function method; Wave solutions: Hirota Ramani equation; 
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Abstract  

Partial differential equations (PDEs) play an important role in modeling physical and 
mathematical phenomena [1-3]. One powerful method for analyzing these equations is to study 
Lie algebra symmetries and conservation laws, as these are key to understanding the behavior 
of solutions.In this study, we examine a nonlinear PDE describing the behavior of phototrophic 
bacterial colonies, where a software  is used to identify Lie point symmetries. Based on these 
symmetries, conservation laws are derived using the formal Lagrangian formulation and the 
conservation theorem. Furthermore, exact solutions of the equation are obtained, and a stability 
analysis is performed to investigate the stability of these solutions. This method  highlights the 
underlying dynamics of phototaxis in bacteria and may be extended to the study of similar 
systems in the future. 
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symmetries, conservation laws are derived using the formal Lagrangian formulation and the 
conservation theorem. Furthermore, exact solutions of the equation are obtained, and a stability 
analysis is performed to investigate the stability of these solutions. This method  highlights the 
underlying dynamics of phototaxis in bacteria and may be extended to the study of similar 
systems in the future. 

Keywords: Conservation laws; Nonlinear PDE; Stability analysis; Lie point symmetries; 
Bacterial colony. 
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Abstract  

Decision-making processes in many real-world applications involve uncertainty, 
vagueness, and incomplete information. In such situations, decision makers must evaluate 
several alternatives according to multiple criteria that may be conflicting or imprecisely 
defined. To deal with these challenges, rough set theory, introduced by Zdzisław Pawlak, 
provides an effective mathematical framework for analyzing imprecise data without requiring 
additional assumptions. 

Rough set theory is based on the approximation of sets using equivalence relations 
defined on a universe of objects. For a given subset, the lower approximation contains objects 
that certainly belong to the set, while the upper approximation contains objects that possibly 
belong to it. This structure enables the analysis of classification problems when information is 
incomplete or inconsistent. 

In multi-criteria decision making problems, rough set methods can be used to analyze 
decision tables, perform attribute reduction, and generate decision rules from data. These rules 
provide interpretable knowledge that supports effective and transparent decision-making. 
Therefore, rough set theory offers a useful approach for analyzing complex decision problems 
involving multiple evaluation criteria. 

Keywords: Rough set theory; Multi-criteria decision making; Attribute reduction. 
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Abstract

This study drives new optical wave structures represented by rational dark,
mixed dark-bright, and mixed singular solitons to the (2+1)-dimensional non-
linear Schrodinger equation. Implementing the rational extended sinh-Gordond
expansion method, we get various dynamical wave structures of soliton solutions
within the framework of evolutionary dynamical structures of solitary wave so-
lutions. Permissible parameter selections are permitted to exhibit a solution.
To enhance comprehension of the physical events associated with these dynam-
ical models in mathematical physics, the physical behaviour of these solutions
is empirically illustrated.
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Abstract

Hyperbolic-type PDE become upon applications in various fields of engineering and
science, including fluid dynamics, hydrodynamics, wave propagation, random motion theory,
thermal motion, electromagnetics, and materials science. The hyperbolic-type form of PDE
was developed to evaluate engineering and physical science models that often-included
physical rules such as Newton's law of balance of forces. In recent years, methods for
overcoming these challenges have been developed, there are many methods for solving
hyperbolic PDE's. By brothers Leonard Euler and Bernoulli, the first equations with time
delay were studied. Systematical, in 1940s, by A. Myshkis and R. Bellman study started.
There have been seemed many surveys regarding the subject, since 1960. Robust control of
systems with delay, in the middle of 1990s, was started and led to the `'delay bloom", in the
begining of the 21th century. Generally, delays are involved in challenging areas of
information technologies and communication: stability of highspeed communication networks
or networked control systems. Recent years, controlling the behavior results for PDE's with
time delay effects has become an active research area. Delay effects occur in many
applications and practical problems for instance thermal, economics, biological, chemical and
physical. Time delay may effects the instability, in many cases. Many scientific problems can
be represented using nonlinear partial differential equations, which enables researchers from a
range of fields, including engineering and physics, to more accurately characterize natural
events. This paper is concerned with a hyperbolic-type plate partial differential equation. We
prove the existence and decay of solutions.

Keywords: Decay; Existence; Partial differential equation.
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Abstract  

In this paper, a comparative analysis of interpolation and machine learning methods for the 
study of geochemical anomalies of ore objects is presented[1]. The research is aimed at identifying 
anomalous zones and evaluating the effectiveness of different approaches for the spatial prediction 
of geochemical indicators. At the first stage, classical interpolation techniques, namely Kriging 
and Radial Basis Function (RBF), are applied to reconstruct continuous geochemical surfaces and 
reveal the spatial distribution of anomaly-related parameters. These methods make it possible to 
estimate local variations and detect hidden geochemical patterns in ore-bearing territories. At the 
second stage, artificial intelligence methods, including Multilayer Perceptron (MLP) and Extreme 
Gradient Boosting (XGBoost), are used to improve anomaly detection and predictive performance. 
A comparative analysis of the obtained results is carried out in terms of accuracy, sensitivity to 
local deviations, and suitability for geological interpretation. The study demonstrates that the 
combined use of interpolation and machine learning methods provides a more reliable tool for 
detecting complex geochemical anomalies and can be effectively applied in mineral exploration 
and ore prospectivity assessment. 

Keywords: geochemical anomalies; ore objects; Kriging; RBF interpolation; MLP; XGBoost; 
comparative analysis. 
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Abstract. In this work, we consider asymptotic formula for eigenvalues of Dirac operators with Dirichlet 
conditions. 
Keywords: Dirac operator ; Dirichlet conditions ; Counting lemma ; Asymptotic eigenvalues 
 
   The spectral problem for Sturm-Liouville operator with Dirichlet boundary condition is given in detail 
in [1] by Poeschel and Trubowitz. Later, this work was generalized by Guillot, Ralston [2] , Robert 
Carlson [3] and these results were extended to the singular Sturm-Liouville operator. In this paper, we 
study the spectral problem for one dimensional Dirac system with Dirichlet boundary conditions. By 
using Counting lemma, we obtain an asymptotic formulas for eigenvalues of Dirac operator 

(𝐵𝐵 𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝐿𝐿 − 𝜆𝜆𝜆𝜆) 𝑦𝑦 = 0                   (1) 

where  

𝐵𝐵 = (0         1
−1      0)      ,       𝐿𝐿 = ( 𝑝𝑝(𝑥𝑥)           𝑞𝑞(𝑥𝑥)

𝑞𝑞(𝑥𝑥)         − 𝑝𝑝(𝑥𝑥))      ,       𝐼𝐼 = (1      0
0       1) 

   Let 𝜑𝜑(𝑥𝑥, 𝜆𝜆) be the solution of the equation satisfying the initial conditions  
𝜑𝜑1(0, 𝜆𝜆) = 1,    𝜑𝜑2(0, 𝜆𝜆) = 0        (2) 

𝜑𝜑1(𝑥𝑥, 𝜆𝜆) = 𝑐𝑐𝑐𝑐𝑐𝑐(𝜆𝜆𝜆𝜆) − ∫ {𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 (𝑥𝑥 − 𝑡𝑡)𝑝𝑝(𝑡𝑡)𝜑𝜑1(𝑡𝑡, 𝜆𝜆) + 𝑐𝑐𝑐𝑐𝑐𝑐 𝜆𝜆 (𝑥𝑥 − 𝑡𝑡)𝑞𝑞(𝑡𝑡)𝜑𝜑2(𝑡𝑡, 𝜆𝜆)}
𝑥𝑥

0
𝑑𝑑𝑑𝑑 

𝜑𝜑2(𝑥𝑥, 𝜆𝜆) = 𝑠𝑠𝑠𝑠𝑠𝑠(𝜆𝜆𝜆𝜆) + ∫ {𝑐𝑐𝑐𝑐𝑐𝑐 𝜆𝜆 (𝑥𝑥 − 𝑡𝑡)𝑝𝑝(𝑡𝑡)𝜑𝜑1(𝑡𝑡, 𝜆𝜆) − 𝑠𝑠𝑠𝑠𝑠𝑠 𝜆𝜆 (𝑥𝑥 − 𝑡𝑡)𝑞𝑞(𝑡𝑡)𝜑𝜑2(𝑡𝑡, 𝜆𝜆)}𝑑𝑑𝑑𝑑
𝑥𝑥

0
 

   In this work we show, if 𝑝𝑝(𝑥𝑥), 𝑞𝑞(𝑥𝑥) in  𝐿𝐿2[0,1] , asymptotic formula for eigenvalues of the boundary 
value (1) , (3) , 

    𝜑𝜑2(0, 𝜆𝜆) = 0,    𝜑𝜑2(1, 𝜆𝜆) = 0         (3)                             
is given by  

𝜆𝜆𝑛𝑛 = 𝑛𝑛𝑛𝑛 − 1
2 [∫ 𝑝𝑝(𝑡𝑡)𝑑𝑑𝑑𝑑 + ∫ 𝑞𝑞(𝑡𝑡)𝑑𝑑𝑑𝑑

1

0

1

0

] + 𝑂𝑂 (1
𝑛𝑛)   .  
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Abstract  

This study investigates parameter optimization in decoy-state BB84 quantum key distribution under 

finite-key conditions. The secret key rate depends on multiple interdependent parameters, yielding a 

highly non-linear optimization problem that becomes computationally expensive for conventional 

methods, especially under dynamic channel conditions. We propose a machine learning–assisted 

framework in which training data are generated via numerical simulations incorporating realistic channel 

effects—including loss, quantum bit error rate, finite-key fluctuations, and hardware imperfections such 

as detector efficiency mismatch and misalignment errors. A security-aware training strategy promotes 

conservative predictions consistent with information-theoretic security requirements. The trained model 

enables rapid parameter selection through direct inference or as a surrogate for accelerated optimization. 

Preliminary results show that the approach significantly reduces computational cost while achieving 

performance comparable to conventional methods, suggesting that machine learning offers a practical 

tool for adaptive parameter tuning in QKD systems. 

Keywords: QKD, Finite-Key Analysis, Machine Learning, Parameter Optimization 
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Abstract  

This study is concerned with new conditions for the oscillation and nonoscillation of solutions 

of difference equations with continuous arguments.First, the main definitions, basic theorems, 

and essential concepts related to oscillatory and nonoscillatory solutions of such equations are 

presented.Then, new and more refined sufficient conditions are established and proved.The 

illustrative examples are treated by using the method of steps, and the corresponding graphs 

are plotted based on interpolated values for visualization purposes.These results extend and 

improve several existing results in the literature.The obtained criteria contribute to a better 

understanding of the qualitative behavior of solutions of difference equations with continuous 

arguments. 

Keywords: Difference equations, Continuous arguments, Oscillation, Non-oscillation, 

Qualitative behavior, Method of steps. 
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Abstract 

This study evaluates the performance of different Kalman filters to ensure more accurate 
processing of position and acceleration signals obtained from a drone by removing noise. The 
Drone Flight IMU Sensors Log dataset, obtained from an open-source platform, was used for 
the study. Three different Kalman filters were applied to a total of 544,763 observations. The 
process noise covariance was kept constant at 1×10⁻⁴ during the filtering phase. The 
measurement noise covariance (R) values were determined as 0.01 for the Kalman filter, 0.5 
for the Extended Kalman filter, and 5.0 for the Unscented Kalman filter. The data was analyzed 
using statistical methods and evaluated according to various criteria. The Kalman filter did not 
show a true filtering effect with a low VNR. The Unscented Kalman filter exhibited strong 
noise suppression, but the error level remained high. The Extended Kalman filter, thanks to its 
structure that directly incorporates acceleration into the model, was the filter that best balanced 
error and noise reduction in all three axes. The MAE values for the X, Y, and Z positions 
obtained from this filter were calculated as 2.43 m, 2.58 m, and 0.75 m, respectively. The VNR 
ratios were 1.6%, 1.8%, and 3.0%. 
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Abstract  

This study presents a general framework for the analysis of a faster iterative method 
used in solving fixed point problems in Banach spaces. We consider a broad class of 
nonlinear mappings that extends several well-known types of non-expansive operators. 
Within this setting, we investigate the convergence behavior of a recently developed iterative 
scheme and establish both weak and strong convergence results under standard assumptions. 
A comparative perspective is also provided to highlight the efficiency of the proposed 
approach relative to classical iterative methods. The results indicate that the considered 
scheme exhibits improved convergence behavior in practical implementations. To 
demonstrate the applicability of the theoretical findings, the method is applied to a signal 
enhancement problem. Numerical experiments illustrate that the iterative framework is 
effective in reducing noise while preserving essential signal characteristics. 

Overall, the study aims to bridge theoretical developments in fixed point theory with 
practical computational applications, offering an efficient approach for solving nonlinear 
problems arising in applied sciences. 

Keywords: Fixed point theory; Iterative methods; Convergence analysis; Signal enhancement. 
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Abstract  

In this study, a coupled nonlinear wave model is examined through a meshless collocation 

framework that employs smooth basis functions. The effectiveness of the approach is 

evaluated using standard error measures such as the 𝐿𝐿! and 𝐿𝐿" norms. Numerical experiments 

show that the procedure is straightforward to implement while delivering highly accurate 

approximations. The findings suggest that the technique is not only suitable for the considered 

system but can also be adapted as a robust computational tool for a broad range of partial 

differential equations. 

Keywords: Meshless collocation method; Radial basis functions (RBFs); Coupled nonlinear 

wave equations; Numerical approximation 
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Abstract  

This research introduces a mathematical framework that quantifies core affective 
states—valence and arousal—using stochastic differential equations (SDEs) such as coupled 
Ornstein–Uhlenbeck and mixed fractional processes. We estimate SDE parameters from 
physiological time-series data and interpret them as latent emotional traits. The nonlinear 
dependence between arousal and demographic factors like sex, age, and education is modeled 
via copula functions. Model validity is assessed against cognitive neuroscience benchmarks 
using real-world data. Finally, based on parameters estimated from 150 participants, we apply 
k‑means clustering to identify distinct investor behavioral profiles. Each cluster is mapped via 
SDE simulation to tailored investment strategies, determining which market regimes suit each 
behavioral phenotype. This approach bridges affective science and quantitative finance, 
enabling emotionally‑informed portfolio personalization. 
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Abstract 

In this work, we investigate the weighted hyperbolic-type equation with initial and boundary 

conditions. The asymptotic behaviour of the energy is established using Nakao's inequality. 

Furthermore, we prove that solutions blow up in finite time 

Keywords: Blow up, Asymptotic behaviour, weighted hyperbolic-type equation. 
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Abstract  

In this paper, we investigate the dynamic behavior and nonlinear wave structures of the fractional 

modified Camassa–Holm and Degasperis–Procesi equations using the Caputo–Fabrizio fractional 

derivative, which is characterized by a non-singular kernel and effectively models memory-dependent 

physical processes. The governing equations are analyzed via the Homotopy Perturbation Transform 

Method (HPTM), a powerful semi-analytical technique that combines the Laplace transform with the 

homotopy perturbation framework to obtain rapidly convergent series solutions. The results 

demonstrate that the HPTM with the Caputo–Fabrizio derivative is an efficient, reliable, and 

straightforward approach for solving nonlinear fractional partial differential equations, and it offers 

significant potential for applications in mathematical physics and engineering sciences. 

Keywords: Homotopy perturbation transform method (HPTM), CFD, time-fractional  (mCH) 

and (mDP) equations, Dynamic behavior, Nonlinear waves. 
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Abstract  

In this study, a Neumann boundary value problem for a linear Schrödinger-type equation 

defined on a bounded convex domain in an n-dimensional Euclidean space is investigated. The 

problem includes a gradient-dependent term and time-dependent coefficients, making it a 

generalized form of previously studied Schrödinger equations. 

The existence and uniqueness of the solution are established by employing the Galerkin method. 

First, an appropriate orthonormal basis system is selected, and approximate solutions are 

constructed. Then, uniform boundedness of the Galerkin approximations is derived in the 

appropriate Sobolev spaces. By applying compactness arguments and weak convergence 

techniques, it is shown that the sequence of approximate solutions converges to a function 

satisfying the problem in a weak sense. Existence and uniqueness of the weak solution are 

proven.  

Keywords: Schrödinger-Type equation, Neumann Problem, Galerkin's Method. 
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Abstract  

Statistical regression methods are insufficient due to incomplete data, measurement 
errors, uncertainty in the relationship between variables, and the lack of necessary training. 
When it is necessary to model real-life situations with these types of constraints, the most 
powerful alternative method used is fuzzy regression analysis. 

 Standard usage in fuzzy regression analysis is Type-1 fuzzy regression models. 
However, the membership functions used in these models are insufficient for modeling high 
degrees of uncertainty in outliers or extreme values in the dataset due to their inherent 
limitations. The alternative fuzzy method, the Type-2 fuzzy regression model, covers the 
entire dataset with high precision, resulting in an unnecessarily wide coverage range for the 
generated model. 

This study examines the fuzzy regression model, a more functional method for datasets 
with high levels of uncertainty. The unique aspect of this study stems from the Threshold-
Based Hybrid approach, developed to optimize the dynamic nature of each veri point. In this 
approach, the model sets a threshold value for each dataset and applies Type-2 fuzzy 
regression up to this threshold value, after which it evolves into a Type-1 fuzzy regression 
structure. The piecemeal approach to modeling helps to evaluate fluctuating data with less 
ambiguity. 

Keywords: Fuzzy regression; Type-1 Fuzzy regression; Type-2 Fuzzy regression. 
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Abstract  

We present an efficient computational approach for evaluating the Green’s function of 
multilayer media with arbitrarily shaped interfaces. Such Green’s functions play a fundamental 
role in a wide range of electromagnetic problems, including inverse scattering, wave 
propagation analysis, and the formulation of integral-equation-based solution methods. The 
considered configuration consists of multiple homogeneous, isotropic, and nonmagnetic layers 
separated by boundaries of arbitrary shape. In this setting, the Green’s function is represented 
using an eigenfunction-expansion formulation tailored for noncircular geometries. Imposing 
the continuity conditions at the interfaces leads to a large linear system with an almost block-
diagonal structure, whose direct solution becomes computationally expensive as the number of 
layers. To address this challenge, we develop a recursive solution strategy based on a Thomas-
algorithm-like recursive elimination. The proposed method systematically eliminates the 
unknown expansion coefficients layer by layer, starting from the innermost region and 
proceeding outward. This yields a sequence of recursive relations that allow the efficient 
computation of the Green’s-function coefficients without explicitly solving the global system. 
The resulting algorithm significantly reduces both computational time and memory 
requirements while preserving accuracy. Owing to its efficiency and generality, the proposed 
formulation provides a practical tool for large-scale simulations and for applications requiring 
repeated evaluations of multilayer Green’s functions. 
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Abstract  

We investigate the use of nonlinear transformations within the Contrast Source Inversion 
(CSI) method to enforce a priori bounds on the contrast. The considered approach maps the 
bounded contrast variable to an unbounded auxiliary variable through suitable nonlinear 
transformations, thereby avoiding nonphysical estimates during the inversion process. Two 
alternative transformation schemes are examined, and their influence on the update mechanism 
is incorporated via the corresponding gradient expressions. This formulation enables 
unconstrained optimization in the transformed domain while implicitly satisfying the physical 
bounds on the contrast. The numerical behavior of the considered transformations is analyzed 
through representative simulations. 

Keywords: Inverse Scattering, Contrast Source Inversion, Nonlinear Transformation, Box 

Constraints. 
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transformations, thereby avoiding nonphysical estimates during the inversion process. Two 
alternative transformation schemes are examined, and their influence on the update mechanism 
is incorporated via the corresponding gradient expressions. This formulation enables 
unconstrained optimization in the transformed domain while implicitly satisfying the physical 
bounds on the contrast. The numerical behavior of the considered transformations is analyzed 
through representative simulations. 

Keywords: Inverse Scattering, Contrast Source Inversion, Nonlinear Transformation, Box 

Constraints. 
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Abstract  

Colorectal cancer remains a major global health burden, characterized by high 
morbidity and mortality rates. Growing experimental and clinical evidence indicates that 
nutritional factors, particularly vitamin D and calcium, play a complex role in CRC 
prevention and progression. At the same time, mathematical oncology has emerged as an 
effective framework for investigating tumor growth, immune interactions, and therapeutic 
responses. In this study, we develop an integrative mathematical model that connects 
epidemiological insights with mechanistic tumor–immune dynamics. The proposed 
framework consists of a reaction–diffusion system to describe spatial heterogeneity in tumor 
and immune cell populations, coupled with fractional-order time derivatives to account for 
memory and hereditary effects inherent in cancer progression. Therapeutic interventions are 
incorporated through control terms representing vitamin D supplementation, calcium intake, 
and monoclonal antibody therapy. Stability properties of the model are examined using 
energy methods and generalized Gronwall inequalities, while numerical simulations are 
conducted to assess parameter sensitivity under different treatment scenarios. Our results 
indicate that vitamin D consistently suppresses tumor growth by enhancing cellular 
differentiation and immune-mediated control, whereas calcium displays a dose- and context-
dependent effect, acting as either protective or promotive. Moreover, fractional-order 
dynamics reveal long-term treatment memory effects and improve agreement with observed 
clinical trends. These findings highlight the potential of integrative fractional models to 
inform personalized treatment strategies and CRC prevention policies. 

Keywords: Colorectal cancer, Mathematical modeling, Reaction–diffusion system, Fractional 

calculus, Vitamin D, Calcium, Immunotherapy. 

REFERENCES 

[1] World Health Organization. (2023). Colorectal cancer fact sheet. 

[2] International Agency for Research on Cancer. (2020). Global Cancer Observatory: 

Colorectal cancer statistics. 

 



9710th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Spiral Curves and Generalizations in the Multiplicative Plane 
Ezgisu Uzel 1  and Alper Osman Ogrenmis1 

1 Department of Mathematics, University of Firat, Elazig, Turkey 

232121101@firat.edu.tr,  aogrenmis@firat.edu.tr 

 

Abstract  

This study revisits spiral and loxodrome curves, traditionally examined in Euclidean and 

hyperbolic planes, within the framework of multiplicative differential geometry. The main 

objective is to adapt classical results to the two-dimensional multiplicative plane and 

multiplicative hyperbolic plane, analyzing their parametric representations, differential 

characterizations, and fundamental geometric properties. The findings provide natural 

generalizations of logarithmic spirals and classical loxodromes, demonstrating the effectiveness 

of the multiplicative approach and offering original contributions to the existing literature. 
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Abstract
In this paper, we extend the Source-Environment-Response (SER) by (Muhammad et. al 2026) to QSER. QSER
is a physics-guided decomposition that separates an observed response R into a conservative source field S and
an environmental influence field E such that R = S − E. The source field evolves under purely conservative
dynamics, preserving perfect memory of initial conditions, while the environmental field starts from zero and
accumulates the entire history of dissipative and nonlinear interactions. Using a forced RLC circuit, we demon-
strate the Green’s function formulation showing that E(t) is precisely the convolution of the system’s memory
kernel with the dissipative source term, revealing the environment as a causal memory accumulator rather than
a passive energy sink. We extend the framework to the van der Pol oscillator, where all nonlinear complexity
is confined to E while S remains linear and conservative. The dissipation term DE = µ(1 − x2)Ė2 can be-
come negative when |x| > 1, representing energy injection that allows the environmental energy EE to exceed
the source energy ES by a factor of approximately 6. This demonstrates that the environment can act as an active
energy source, not only as a sink. Four built-in validity tests; energy conservation in S, zero initial condition of
E, exact reconstruction, and infinite memory of S, provide self-validation absent in traditional approaches. The
QSER framework reveals that any measured quantity Q is not directly the source, but the difference between the
system’s pristine memory and the environment’s accumulated history, offering causal clarity, energy transparency,
and methodological flexibility across linear and nonlinear dissipative systems. All code is available open-source
at https://github.com/1030ahmad1030/Qtheory

Keywords: Source-environment-response, Green’s function, memory accumulation, RLC circuit, van der Pol
oscillator, negative damping
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Abstract  

This study comparatively examines the sustainability performance of A and B 
particleboard production facilities through Scope 1 and Scope 2 greenhouse gas emissions. 
While Facility A has an energy profile predominantly based on coal and fossil fuels, Facility B 
presents a lower-carbon-intensity production model supported by biomass and electricity. In 
this study, energy consumption, fuel types, electricity use, fugitive emissions, and process-
related releases were analyzed in accordance with IPCC emission factors and TSRS standards. 
The findings indicate that Facility B has significantly lower values particularly in electricity-
related indirect emissions, whereas Facility A exhibits a high carbon footprint due to coal 
consumption. This comparative analysis aims to contribute to the development of sustainable 
production strategies in the particleboard sector. 

 

Keywords: Sustainability, Particleboard, Carbon Footprint, Scope 1–2 Emissions, Biomass, 
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Abstract

This paper develops a series of new integral inequalities by building upon a known
lemma available in the literature. By incorporating the notion of exponentially quasi-convex
functions on the co-ordinates, together with classical inequalities such as Hölder’s and
Young’s inequalities, several refined and generalized estimates are established. The approach
systematically combines these analytical tools to derive results that extend and complement
existing findings.

Furthermore, by assigning particular values to the parameters involved in the main
results, a variety of new and meaningful special cases are obtained. These particular instances
not only demonstrate the flexibility of the derived inequalities but also reveal connections
with previously known results in the literature. The findings presented in this study contribute
to the ongoing development of inequality theory and may serve as a useful reference for
future investigations in related areas of mathematical analysis.

Keywords: Exponentially quasi-convex; Hölder’s inequality; Young’s inequality.
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Abstract  

In this study, we aim to improve the intelligence of Non-Player Characters (NPCs) in 
order to use various machine learning and deep learning methods to better detect depression 
from player-generated text. We used methods such as: Naive Bayes, Linear SVC, Logistic 
regression, SGDClassifier, XGBoost, CatBoost, LightGBM, BiLSTM, BERT-base, 
DistilBERT, MentalBERT. The Reddit Depression Dataset by Rishabh from Kaggle was used 
for the study. For this study, only the columns (body and label) were required. This dataset 
contains over 2,470,000 valid rows, which is a significant amount of data. Therefore, the time 
spent training on all this data is not optimal. Therefore, only 500,000 of them were used, but 
with the same percentage of labels as in the dataset itself (76.8% with label=0 and 23.2% with 
label=1). The results of this work are that in terms of f1 score, the best result was shown by the 
model MentalBERT = 0.8810, BERT-base = 0.8804, DistilBERT = 0.8587, and the worst result 
was shown by Naive Bayes at 0.7992, XGBoost = 0.8213, CatBoost = 0.8249. In terms of ROC-
AUC, the best result was also shown by MentalBERT = 0.9823, BERT-base = 0.9817, Distil-
BERT = 0.9785, and the worst result was again shown by Naive Bayes = 0.9526, XGBoost = 
0.9578, CatBoost = 0.9594.  The results of the study showed that deep learning methods such 
as MentalBERT, BERT-base, and DistilBERT are best for NPC to predict depression based on 
player text and then provide an appropriate response. 

Keywords: Non-Player Character; Machine Learning; Deep Learning. 
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Abstract  

This study introduces the concept of lacunary statistical p-decreasing sequences within 
the framework of lattice-normed spaces. By utilizing lacunary density, this approach extends 
the existing theory of statistical p-decreasing sequences by localizing their decreasing 
behavior relative to the intervals of a lacunary sequence. 

Keywords: Lacunary statistical p-decreasing sequences; lattice-normed spaces; lacunary 
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Abstract  

In this study, the historical development of sequence spaces constructed by infinite 
matrices using Fibonacci numbers is reviewed, and the structural properties of the space 
𝑙𝑙��𝑤𝑤�, 𝐹𝐹��, defined as the "Fibonacci weighted difference sequence space" in [1], are explained 
and presented in detail. First, it is shown that the space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� is a semi-normed 1 ≤ 𝑝𝑝 < ∞ 
space but not a normed space, and the strictness of the 𝑙𝑙�(𝑤𝑤�) ⊂ 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� inclusion is proven. 
Furthermore, it is proved that the semi-normed space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� is a semi-inner product space, 
whereas for the case 𝑝𝑝 ≠ 2, the semi-normed space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� does not possess a semi-inner 
product space structure. In the subsequent sections of the study, the boundedness conditions of 
matrix operators defined from the space 𝑙𝑙�(𝑤𝑤�) to the space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� are investigated, and the 
semi-norm calculations of these operators are provided. Additionally, similar boundedness and 
semi-norm analyses are conducted for matrix operators defined from the space 𝑙𝑙�(𝑤𝑤�) to the 
space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹��; within this framework, fundamental theorems regarding the boundedness of 
the transpose operator of the 𝑅𝑅� Riesz matrix and the 𝐻𝐻 Hilbert matrix operator are proven. 
Finally, the lower boundedness properties of matrix operators defined from the space 𝑙𝑙�(𝑤𝑤�) to 
the space 𝑙𝑙��𝑤𝑤�, 𝐹𝐹�� are examined, and the study is concluded by proving that the 𝐻𝐻 Hilbert 
matrix operator is a lower bounded operator. 

Keywords: Fibonacci numbers; Matrix operators; Quasi summable matrices, Sequence spaces. 
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Abstract  

In this study, a third-order perturbed nonlinear Schrödinger equation with Kerr-type 
nonlinearity in the absence of group velocity dispersion is investigated. The model is 
analytically solved using the Kudryashov method, yielding explicit dark soliton solutions. The 
influence of key system parameters on the soliton structures is examined, highlighting their 
role in shaping the amplitude and profile of the wave. Furthermore, a Gaussian transformation 
is applied to reformulate the model into a planar dynamical system. Phase portraits are 
constructed and critical points are identified to analyze the qualitative behavior of the system, 
with stability and trajectory structures illustrated through phase plane diagrams. In addition, 
the effect of an external perturbation force is explored. Numerical simulations show that such 
forcing can induce chaotic dynamics, supported by phase space representations. A sensitivity 
analysis is also conducted to assess the system’s response to variations in initial conditions. 
The findings provide a comprehensive understanding of the model’s nonlinear dynamics. 

Keywords: Third order nonlinear Schrödinger equation; The Kudryashov method; Optical 

solitons; Qualitative analysis 
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Abstract  

This study explores physics-informed graph neural networks (PIGNNs) for solving the Heat 

Equation on scattered and irregular meshes. By representing mesh nodes as graphs through 

Graph Neural Networks, the method effectively handles unstructured domains. The model 

incorporates PDE residuals and boundary conditions into the loss function, ensuring 

physically consistent predictions while reducing reliance on labeled data. This approach 

demonstrates improved generalization and accuracy compared to purely data-driven methods, 

particularly in sparse and irregular settings. 

Keywords: Heat Equation, Graph Neural Networks, Irregular Meshes, PDE Learning, Neural 

Operators, Partial Differantial Equations 
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Abstract  

This study applies the Newton–Raphson–Based Optimizer (NRBO) to 0-1 Knapsack 
Problems (0-1 KP), which belong to the NP-hard problem class. As NRBO was originally 
designed for continuous optimization problems, it cannot be applied directly to binary-
structured 0-1 KP. Therefore, S-shaped and V-shaped transfer functions are employed to 
adapt the continuous search space to the binary one. BNRBO (binary NRBO) is used to solve 
0-1 KP benchmark instances and the results are compared across different transfer functions 
to determine which yields more effective solutions. In addition, the proposed algorithm has 
been compared with different algorithms in the literature. The experimental results 
demonstrate the competitiveness and effectiveness of the proposed approach in solving binary 
optimization problems. 

Keywords: Newton-Raphson-Based Optimizer; 0-1 Knapsack Problems; Transfer Functions; 
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Abstract  

This study examines the structural properties of nxn matrices defined over the algebra 
of nectarines using split-complex numbers. The inverse of a nectarine matrix is presented by 
utilizing the properties of split-complex matrices. Furthermore, the eigenvalue problems for 
these matrices are investigated through their split-complex representations. 
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Abstract  

In this study, we introduce a computational algorithm for solving Integro-Differential Equations 

(IDEs) using Bessel functions as basis functions. The algorithm approximates the solution by 

representing it as a series expansion in terms of Bessel functions and substituting this assumed 

form into the Integro-Differential Equations (IDEs). By collocating the resulting equation at 

uniformly distributed points, a system of linear algebraic equations is obtained. This system is 

then solved through matrix inversion to determine the Bessel coefficients, which are 

subsequently used to construct the approximate solution. Numerical examples illustrate the 

accuracy and efficiency of the proposed method, emphasizing its capability to reduce 

computational cost while maintaining high precision. 

Keywords: Bessel polynomials, Colloсation method, Integro-Differential equations, 

Approximate solution. 
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Abstract  

One of the most well-known methods for solving block systems of equations is block 

Gaussian elimination. In the conventional version of this method, the inverses of the diagonal 

blocks are computed and used to eliminate the subdiagonal blocks. In this paper, we propose 

using the QR factorization of the diagonal blocks instead of explicitly computing their 

inverses, and we present numerical examples to compare the efficiency and accuracy of the 

two approaches. 

Keywords: Gaussian elimination; Block by block systems; QR factorization. 
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Abstract  

Let M represent the class of meromorphic functions defined by 

𝑓𝑓(𝑧𝑧) = 1
𝑧𝑧 +  ∑ 𝑎𝑎𝑛𝑛𝑧𝑧𝑛𝑛

∞

𝑛𝑛=0
 

which are analytic on the unit disk 𝐷𝐷∗ =  { 𝑧𝑧 ∈  ℂ ∶  0 <  |𝑧𝑧| <  1 }.  The investigation of such 
meromorphic functions, together with the establishment of their fundamental properties, has 
attracted considerable attention in recent years and constitutes an important area of research in 
geometric function theory. 

In this presentation, a class of close-to-convex meromorphic functions encompassing 
several previously studied classes is introduced. An analytic condition satisfied by functions in 
this class is established, and a corresponding sufficient condition is also obtained. Finally, we 
obtain upper bounds for Taylor coefficients of such functions.  

Keywords: Meromorphic functions, Close-to-Convex Functions, Principle of the 

Subordination. 
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Abstract  

This research examines the utilization of three soft computing techniques: General 
Regression Neural Networks (GRNN), Radial Basis Function Neural Networks (RBF NN), 
and Support Vector Machines (SVM) for the predictive modeling of concrete drying 
shrinkage. We used a dataset of 63 experimental observations from prismatic concrete 
samples with 8 input variables (cement content, water-to-cement ratio, compressive strength, 
relative humidity, temperature, time, age at drying onset, and notional size) to test all three 
models with DTREG software.  

We used conjugate gradient minimization on the smoothing parameter σ to optimize the 
GRNN model in great detail. Validation results showed that all of the models were very good 
at making predictions: The RBF NN model had the highest validation R2 = 97.043% (MAPE 
= 6.26%, r = 0.985) and is the best one to use. The GRNN model had the lowest validation 
MAPE = 5.13% (R2 = 96.44%, r = 0.982), and the SVM model had R2 = 93.02% (MAPE = 
8.65%, r = 0.965). 

Across all models, variable importance analysis consistently identified elapsed drying 
time (t) and relative humidity (RH) as the two primary predictors. The results show that soft 
computing methods can be used to accurately and data-driven predict how concrete will 
shrink for engineering design and construction. 

Keywords: concrete shrinkage, soft computing, GRNN, RBF neural network, support vector 

machine, DTREG, predictive modeling, machine learning, civil engineering 
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Abstract  

In this study, a new King type Szász operator based on the exponential generating 

function of Fibonacci numbers is introduced. The positivity and linearity of the operator are 

established and its moments and central moments are computed explicitly. The approximation 

behavior of the operator on compact intervals is examined by means of these moment estimates  

and a Korovkin type convergence result is obtained. The theoretical results are supported by 

graphical and numerical examples. 
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Abstract  

Systems with impulse actions are investigated for the existence and uniqueness of anti-
periodic motions. Nonlinear terms with sufficiently small Lipschitz constant and regular 
impulse moments are taken into account in the system. Appropriate examples with 
simulations are provided.  

Keywords: Impulsive systems; Anti-periodic solutions; Regular impulse moments 
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Abstract  

Systems with impulse actions are investigated for the existence and uniqueness of anti-
periodic motions. Nonlinear terms with sufficiently small Lipschitz constant and regular 
impulse moments are taken into account in the system. Appropriate examples with 
simulations are provided.  

Keywords: Impulsive systems; Anti-periodic solutions; Regular impulse moments 
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Abstract  

In this study, we introduce the concept of lacunary statistical convergence of order 𝛼𝛼 in 
cone metric spaces and examine some relationships by giving inclusion theorems related to 
lacunary statistical convergence of order 𝛼𝛼. 
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Abstract  

In this study, we introduce a novel iterative framework designed to obtain strong convergence 

results for split equilibrium problems (SEP) and asymptotically nonexpansive mappings in 

Hilbert spaces. The proposed method is constructed by integrating a shrinking projection 

strategy with an averaged iterative process inspired by Cesàro means. 

Keywords: Asymptotically nonexpansive mapping; Kirk iteration method; Shrinking 

projection method, Split equilibrium problem; Fixed point problem. 
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Abstract  

The main aim of this study is to obtain analytical solutions of the extended Kairat II–X 
equation, which is derived by extending the Kairat II and Kairat X equations, using the modified 
Kudryashov, generalized Kudryashov, and the new Kudryashov methods. By using an 
appropriate wave transformation, the given nonlinear partial differential equation is reduced to 
an ordinary differential equation. The reduced equation is then integrated once and simplified. 
The balancing number of the reduced equation is obtained by the application of the 
homogeneous balance principle. In the first stage, the modified Kudryashov method is applied 
by selecting an auxiliary solution and substituting it together with the corresponding auxiliary 
ordinary differential equation into the reduced equation, leading to a determining algebraic 
system whose solution yields two different families of analytical solutions. Afterwards, the 
generalized Kudryashov and the new Kudryashov methods are applied to obtain additional 
analytical solutions. Lastly, in order to demonstrate the physical behavior of the solutions, 
three-dimensional surfaces, two-dimensional profiles, and contour plots are provided for 
appropriate parameter values, confirming that these techniques are efficient analytical tools for 
solving the extended Kairat II–X equation. 

Keywords: Extended Kairat II–X equation; modified Kudryashov method; generalized 

Kudryashov method; new Kudryashov method.  
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Abstract  

In this study, we propose a novel iterative algorithm for approximating a common 
solution to generalized variational inequality, fixed-point, and equilibrium problems for non-
expansive mappings.  We demonstrate strong convergence results for the sequence generated 
under suitable assumptions in Hilbert spaces. We presented a numerical example to demonstrate 
the efficiency and advantages of the proposed method compared to known iterative methods. 

Keywords: Equilibrium problem; Generalized variational inequality; Iterative methods, 
Nonexpansive mapping; Strong convergence; Fixed point 
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Abstract  
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solution to generalized variational inequality, fixed-point, and equilibrium problems for non-
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Abstract  

         In this paper, we focus on the combined KAIRAT-II-X equation, which integrates the 
distinct mathematical structures and physical characteristics of the KAIRAT-II and KAIRAT-
X equations into a unified integrable framework. This combined approach is essential for 
studying nonlinear physics, as it describes the interaction between higher-order dispersion and 
nonlinear effects. The KAIRAT-II-X equation provides a robust mathematical framework to 
describe phenomena such as phase transitions in polymer blends, biological systems, and 
porous media with greater physical accuracy than standard models. To investigate the 
theoretical structure of the equation, the modified Sardar sub-equation method was employed, 
yielding several classes of analytical wave solutions, including bright soliton, dark soliton, and 
singular periodic wave structures. Through this analytical approach, we successfully obtained 
various exact optical soliton solutions. These findings highlight the effectiveness of this novel 
approach for analyzing nonlinear evolution equations within the context of wave dynamics. 

  

Keywords: combined KAIRAT-II-X equation; modified Sardar sub‑equation method; soliton. 
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Abstract  

In this study, the unidirectional wave model is studied. The (𝑚𝑚 + 1
𝐺𝐺′ ) − expansion 

method is applied to this model. Thus, various soliton solutions of this equation are found. Also, 
two and three dimensional graphics of these solutions are plotted by the help of Mathematica. 
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Abstract  

Let X and Y be random variables representing the lifetime of a component and the lifetime of 

this component under stress, respectively. In this context, Jones [1] and Arslan [2] defined a 

random variable having the form T=X×Y1/α, where X has a distribution on R+ and Y follows 

the U(0,1), and called its distribution the α-monotone distribution. In this study, a brief 

introduction to the family of α-monotone distributions is presented, followed by a discussion 

of some of its members. Then, maximum likelihood and minimum-distance estimation methods 

are used to estimate the parameters of the corresponding distributions. At the end, benchmark 

data sets are modeled using the corresponding distributions. The modeling performances of 

these distributions are also compared with their strong rivals using well-known information 

criteria and goodness-of-fit statistics.  

Keywords: 𝛼𝛼-monotone distribution; maximum likelihood; minimum distance. 

REFERENCES 

1. Jones, M.C., On univariate slash distributions, continuous and discrete, Annals of the 

Institute of Statistical Mathematics, Vol:72, No:3, 645 – 657, 2020. 

2. Arslan, T., An α-monotone generalized log-Moyal distribution with applications to 

environmental data, Mathematics, Vol:9, No:12, 1400, 2021. 

1

1



128 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

A SKEW-UNIT-NORMAL DISTRIBUTION AND ITS 
APPLICATIONS 

Talha Arslan  

Department of Econometrics, Van Yüzüncü Yıl University, Van, Türkiye. 

mstalhaarslan@yyu.edu.tr 

 

Abstract  

Unit distributions, such as the beta and Kumaraswamy, are used to model data defined in the 

unit interval. They also play an essential role in defining families of continuous distributions 

via the composition technique; accordingly, there has been growing interest in defining new 

unit distributions in recent years. This study provides a brief introduction to the general method 

for defining a family of unit distributions proposed by Arslan [1], followed by the derivation of 

a skew-unit-normal distribution. Subsequently, the statistical properties of the skew-unit-

normal distribution are investigated. Next, the maximum likelihood and quantile-based 

estimation methods are used to estimate the parameters. Finally, the modeling performance of 

the proposed distribution is demonstrated through benchmark datasets.  

Keywords: beta distribution; Kumaraswamy distribution, maximum likelihood, quantile-based 
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Abstract  

In this study, unidirectional wave model is considered by using improved Bernoulli sub-
equation function method. First of all, this model is converted into ordinary differential 
equations by the help of the wave transformation. Then, some solutions of this model are found. 
Also, two and three dimensional graphics of these solutions are plotted by the help of 
Mathematica. 

Keywords: The Improved Bernoulli sub-equation function method; unidirectional wave 

model; Wolfram Mathematica. 
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Abstract  

Breast cancer is one of the most prevalent malignancies worldwide, and understanding 
tumour growth dynamics is essential for developing effective and personalised treatment 
strategies. This paper presents a hybrid approach that combines artificial intelligence and 
mathematical modelling to analyse breast cancer dynamics. Tumour growth is modelled using 
the Gompertz differential equation and integrated with artificial neural networks (ANNs) to 
optimise model parameters based on individual patient data. Furthermore, the model 
incorporates the effects of chemotherapy, enabling the simulation of various treatment scenarios 
and their impact on tumour progression. Numerical validation is performed using Euler and 
fourth-order Runge–Kutta methods. 

The results demonstrate that the proposed hybrid model can accurately capture tumour 
growth behaviour and predict treatment responses. This study provides a robust framework for 
AI-assisted clinical decision support systems and contributes to the advancement of 
personalised cancer therapy. 

Keywords: Mathematical modeling; Artificial neural networks; Tumour growth 
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Abstract  

Differential equations and systems of differential equations are widely used to model 
many phenomena in science and engineering. Often, analytical solutions of these equations 
cannot be obtained, and therefore numerical methods are required. One of the most commonly 
used numerical approaches for solving such problems is the Runge–Kutta method, which is 
known for its accuracy and efficiency in approximating solutions of dynamical systems. 

Recently, multiplicative calculus has been proposed as an alternative framework to classical 
calculus. This approach focuses on multiplicative or proportional changes and provides a 
different perspective for modeling and solving differential equations. 

In this study, Runge–Kutta type numerical methods developed within the framework of 
geometric multiplicative calculus are presented for the solution of differential equations and 
systems. The performance of these methods is examined, and the obtained results are compared 
with those of the classical Runge–Kutta method. 

 Keywords: Runge–Kutta Method, Multiplicative Calculus, Differential Equations. 
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Abstract  

Water distribution networks are complex dynamic systems consisting of pipes, pumps, 
valves, and nodes. Traditional models used in the analysis of these systems are generally based 
on classical differential equations and often neglect the influence of past system states on 
current behavior. However, physical properties such as the viscoelastic structure of pipe 
materials, delayed propagation of pressure waves, and the dependence of flow rates on previous 
states indicate that memory effects play an important role in the dynamics of these systems. 

Within this context, Fractional Calculus provides an effective mathematical framework for 
modeling systems with memory and hereditary properties. In this study, the linear pressure–
flow interaction model describing water distribution networks is reconsidered within the 
framework of fractional calculus. The model is reformulated by using different fractional 
derivative operators such as the Conformable Fractional Derivative, Discrete m-Derivative, and 
Proportional Fractional Derivative. 

Keywords: Fractional Derivative Operators, Water Distribution Networks,  Memory Effects. 
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Abstract  

The study shows how to connect an inhomogeneous Heisenberg spin chain model to an integro-
differential nonlinear Schrödinger equation (INLSE) using moving curve representation. We 
put self-similar solutions into groups based on intrinsic scaling symmetries and show that these 
solutions make the governing equations easier to solve. The induced surface geometry is also 
studied, and clear connections between curvature, torsion, and nonlinear dynamics are found. 
The results give us a unified geometric view of INLSE-type systems and show how important 
curve and surface geometry are in nonlinear evolution equations. 

Keywords: Curve flow; Self-Similar Solution; Schrödinger map. 
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Abstract  

In this study, a Chebyshev polynomial-based artificial neural network (ANN) method is 
proposed for the numerical solution of the Korteweg-de Vries (KdV) equation, one of the 
fundamental nonlinear partial differential equations in mathematical physics that governs 
dispersive wave phenomena such as shallow water waves and plasma waves. The 
approximate solution is expressed as a double Chebyshev expansion in both spatial and 
temporal variables, where the weight matrix is determined by solving the Hessian normal 
equation in a single closed-form step. Chebyshev-Gauss quadrature nodes are employed as 
training points to prevent the Gibbs phenomenon and to guarantee spectral accuracy. 
Tikhonov regularization is incorporated to ensure numerical stability. The theoretical 
foundation of the method rests on the Chebyshev Convergence Theorem, the Chebyshev 
Orthogonality Theorem, the Normal Equation Theorem of Gauss, the Tikhonov 
Regularization Theorem, the Gauss-Chebyshev Quadrature Theorem, and the Weierstrass 
Approximation Theorem. The method is validated on a representative example with a known 
exact solution. Numerical results demonstrate that the mean squared error reaches values as 
low as 10⁻¹⁸ at n = m = 10 and decreases further to 10⁻²³ as the number of basis terms 
increases, which is well below the 10⁻⁶ reliability threshold.  

Keywords: Korteweg-de Vries equation,  Chebyshev polynomials,  artificial neural networks. 
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 ABSTRACT 

In this study Lane-Emden equation was solved using the Elzaki transform method. 
Fundamental proporties of Elzaki transform method were introduced, and its application to 
differantial equations displayed. A comprehensive review of the existing literature 
asscociated with Elzaki transform method was examined and several examples was reviewed. 
It was observed that certain equations cannot be solved directly using the Elzaki transform 
method. To address this, the Homotopy Perturbation Method (HPM) was integrated with the 
transform to solve several nonlinear equations. This approach effevtively handles 
nonlinearities while perpetuating the efficiency of Elzaki transform. Finally, the proposed 
was systemaically applied to Lane-Emden equation to obtain analytical equation and the 
behaviour and accuracy of the solutions were demonstrated through detailed graphical 
representatons for varios parameters. The results confirm that the combined Elzaki-HPM is a 
powerful and reliable tool solving non-linear differantial equations.  

Keywords: Lane-Emden equations, Elzaki transform method, Homotopy Perturbation 
Method 
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Abstract  

This study presents a metaheuristic-based approach for improving the performance of 
machine learning classifiers through effective hyperparameter optimization. In this context, an 
enhanced version of the Gazelle Optimization Algorithm (GOA), strengthened by local search 
mechanisms, is utilized to achieve a better balance between exploration and exploitation 
phases. Unlike conventional parameter tuning techniques, the proposed approach 
systematically searches the solution space to identify optimal configurations for classification 
models. The developed optimization framework is applied to widely used machine learning 
algorithms, including k-Nearest Neighbors (kNN), Support Vector Machines (SVM), and 
Multi-Layer Perceptron (MLP). The objective function is defined based on classification 
accuracy, enabling the algorithm to iteratively improve model performance. Experimental 
evaluations conducted on benchmark datasets demonstrate that the proposed method provides 
competitive and robust results in terms of accuracy, convergence speed, and stability. 
Comparative analyses with several well-known metaheuristic algorithms reveal that the 
enhanced optimization strategy consistently achieves superior or comparable performance. 
These findings highlight the potential of hybrid metaheuristic approaches as effective tools for 
solving complex optimization problems in machine learning applications. 

 
Keywords: Gazelle Optimization Algorithm, Nelder-Mead Method, Hybrid Methods, 
Machine Learning, Meta-heuristic Algorithms. 
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Abstract  

This study examines the performance of different optimization approaches used in 
nonlinear parameter estimation problems. Derivative-based, derivative-free, and hybrid 
approaches are considered in terms of their behavior during the optimization process. The 
sensitivity of these methods to initial values, their convergence properties, and their 
computational characteristics are taken into account. In this context, a systematic initialization 
strategy is applied to reduce the effect of initial conditions on optimization performance. 
Thus, different optimization approaches are evaluated more consistently under the same 
problem structure. The methods are compared in terms of convergence behavior, solution 
stability, and computational efficiency. The comparison is carried out through two different 
applications, and the behavior of the optimization approaches throughout the solution process 
is evaluated within the framework of nonlinear parameter estimation. 
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Abstract  

This study examines the performance of different optimization approaches used in 
nonlinear parameter estimation problems. Derivative-based, derivative-free, and hybrid 
approaches are considered in terms of their behavior during the optimization process. The 
sensitivity of these methods to initial values, their convergence properties, and their 
computational characteristics are taken into account. In this context, a systematic initialization 
strategy is applied to reduce the effect of initial conditions on optimization performance. 
Thus, different optimization approaches are evaluated more consistently under the same 
problem structure. The methods are compared in terms of convergence behavior, solution 
stability, and computational efficiency. The comparison is carried out through two different 
applications, and the behavior of the optimization approaches throughout the solution process 
is evaluated within the framework of nonlinear parameter estimation. 
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Abstract 
In this study, the authors developed an effective approach using Artificial Neural Networks 
(ANNs) to obtain the numerical solution of the linear telegraph equation. Determining the 
numerical solution of the linear telegraph equation is typically a complex and computationally 
intensive process. By employing the ANN method, this study avoids such difficulties and 
provides a faster numerical solution with a very low error margin Furthermore, solution graphs 
were visually obtained through the ANN approach. 

In ANN methodologies, activation functions are utilized to enhance the model’s capabilities 
and to systematize the learning process. In this study, Laguerre orthogonal polynomials were 
employed as the activation function. In addition, there are recent studies focusing on the control 
and optimization of activation functions in Laguerre neural networks. The use of Laguerre 
polynomials or physics-based polynomial activation functions has been reported to improve 
training behavior, ensure more stable convergence, and reduce training effort in ANN-based 
frameworks. 

In conclusion, the numerical solution of the linear telegraph equation with specified initial and 
boundary conditions is obtained using a Laguerre-based artificial neural network approach. 

Keywords: Telegraph Equation; Laguerre Polynomial; Artificial Neural Networks. 
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Abstract  

Residual limb volume in transtibial amputees varies continuously due to physiological 
and mechanical factors, and these changes are often proportional rather than additive. 
Traditional additive models fail to capture this nonlinear behavior. In this study, a novel 
multiplicative volume evolution model is proposed by combining frustum-based geometric 
representation with layer-wise proportional change analysis. 

Keywords: Multiplicative geometry; Limb volume; Frustum method 
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Abstract  

In this study, we develop a conformable geometric framework for modeling the 
structure of regularized fractal fault curves. Classical Frenet–Serret theory is inherently 
limited to smooth curves, whereas natural fault traces exhibit multi-scale roughness and 
fractal characteristics that challenge standard differential geometric descriptions. To address 
this limitation, we introduce a regularization approach based on smooth pre-fractal 
approximations and employ the conformable derivative of order 𝛼𝛼 ∈ (0,1] to construct a 
generalized moving frame. 

Keywords: Frenet frame; Conformable derivative; Fractal curves. 
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Abstract  

Differential transformation method (DTM) is one of the approximate methods, which enables 
to find an numerical solutions of various type linear and nonlinear differential equations. In this 
work we presented a new generalization of DTM, which we call parameter dependent 
differential transformation method ( α − P DTM). The presented method depends on an 
auxiliary parameter 𝛼𝛼. We examine Helmholtz equation 

𝑦𝑦′′(𝑡𝑡) + 𝑦𝑦(𝑡𝑡) + 0,1𝑦𝑦2(𝑡𝑡) = 0 

subject to initial value conditions  𝑦𝑦(0) = 1, 𝑦𝑦′(0) = 0.  

Numerical results reveal that the α − P DTM is a powerful tool for solving many initial value 
and boundary value problems. It is concluded that comparing with the standard DTM, the α −
P DTM reduces computational cost in obtaining approximated solutions. This method unlike 
most numerical techniques provides a closed-form solution. 

Keywords: One-dimensional Helmholtz equation, Approximation solution, 𝛼𝛼 −Differential 

Transformation Method. 
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Abstract  

Call centers, where companies communicate directly with customers, are strategically 
important units. Especially for banks, the performance of customer service representatives 
working in call centers directly impacts the bank's service quality, customer satisfaction, and 
operational efficiency. Therefore, assessing the performance of customer representatives is 
crucial for bank call centers. While each call center has its own way of measuring performance, 
traditional methods often can't effectively assess multiple conflicting performance criteria 
simultaneously. This study proposes a hybrid multi-criteria decision-making method to 
systematically and consistently evaluate and compare employee performance in a bank call 
center.  

In the proposed framework, the Fuzzy Analytic Hierarchy Process (FAHP) is employed 
to determine the importance weights of the criteria under consideration, while the Preference 
Ranking Organization Method for Enrichment Evaluation (PROMETHEE II) is used to 
evaluate the customer service representatives. All criteria are either inherently quantitative or 
have been appropriately quantified. Since all criteria are expressed quantitatively, the 
PROMETHEE method provides a suitable and effective framework. Additionally, the GAIA 
plane is used to visualize the decision problem, allowing interpretation of the relationships 
among criteria and the relative positions of employees. The proposed framework offers a clear, 
analytically rigorous method for assessing call center staff performance in the banking sector. 
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Abstract  

         Selective laser melting (SLM) technology is one of the most widely preferred additive 
manufacturing in aerospace applications such as turbine blades and jet engine components due 
to its advantages, such as the ease in manfacturing complex geometries  and the achievement 
of controlled microstructures. Furthermore, SLM is known to be minimizing material waste 
compared to traditional production methods like machining. This is the fact that due to surface 
quality issues experienced in parts produced by the SLM method, secondary operations such as 
milling are still required. Based on this, a detailed investigation regarding the influence of 
milling parameters on the part is needed. Failure to optimize milling parameters can negatively 
affect microstructural and mechanical properties. In this study, the effects of different 
machining parameters on the surface properties, hardness, and tensile strength of a nickel based 
alloy, namely Inconel 718, part produced by the SLM method were investigated. In the study, 
it was observed that cutting speed has influence on the hardness and surface roughness of the 
material, and as the cutting speed and hardness simultaneously increases, the surface roughness 
decreases. According to the tensile test results, it was observed that the tensile strength and 
percentage elongation values give rise with an increasing feed per tooth (IPT) value. On the 
other hand, it is demonstrably true that the effect of cutting speed on tensile strength was lower 
compared to the hardness results. In the present study, it was determined that the IPT value has 
an effect on the surface roughness and tensile elongation properties of the material, and there is 
a correlation between hardness and surface roughness. In the future work, it is aimed to expand 
these studies by examining microstructue in more detail, for SLM Inconel 718 processed by 
different cutting parameters. 

Keywords: Selective Laser melting, Additive Manufacturing, Inconel 718, Machining, 

Mechanical properties, Surface roughness. 
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Abstract  
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decreases. According to the tensile test results, it was observed that the tensile strength and 
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other hand, it is demonstrably true that the effect of cutting speed on tensile strength was lower 
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Abstract: Integrable systems and evolution equations are fundamental to mathematical 

physics, providing a framework for describing the temporal progression of nonlinear 

phenomena through partial and ordinary differential equations. A defining characteristic of 

these systems is their exact solvability and the subsequent existence of solitons—stable, 

localized wave structures that maintain their profile over time. While various techniques such 

as inverse scattering and Darboux transformations are utilized to explore these structures, 

Hirota’s bilinear method remains a powerful tool for revealing underlying integrability. In this 

work, we employ the Hirota direct method to derive explicit soliton solutions for the Sawada-

Kotera equation. Specifically, we provide the analytical formulations for one- and two-soliton 

solutions to illustrate the system's dynamics. 

Keywords: Integrable systems; solitons; Hirota Method; Sawada-Kotera  Equation.  

REFERENCES 

1. Ablowitz, M.J. and Clarkson, P.A., Solitons, Nonlinear Evolution Equations and Inverse 
Scattering (Vol.149, London Mathematical Society Lecture Note Series), Cambridge 
University Press (1991). 
 
2. Drazin, P.G. and Johnson, R.S., Solitons: An Introduction, Cambridge University Press 
(1989).  

3. Hirota R. The Direct Method in Soliton Theory. Nagai A, Nimmo J, Gilson C, eds. 
Cambridge University Press; 2004. 

4. Korteweg, D.J. and de Vries, G., On the Change of Form of Long Waves Advancing in a 
Rectangular Canal, and on a New Type of Long Stationary Waves, The London, Edinburgh, 
and Dublin Philosophical Magazine and Journal of Science, 39(240), 422–443 (1895). 

5. Russell, J.S., Report on waves, Fourteenth meeting of the British Association for the 
Advancement of Science, 1844. 
 
6. Zakharov, V.E. and Shabat, A.B., Exact theory of two-dimensional self-focusing and one-
dimensional self-modulation of waves in nonlinear media, Soviet Phys.JETP, 34 (1972), 62-
69. 



146 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Travelling-wave Solutions of Hirota Equation 
Ayşe ELHAMAN  

Department of Mathematics, University of Dicle, Diyarbakır, Turkey 

ayselhmn2023@gmail.com  

Abstract: Many integrable systems are governed by evolution equations, such as the 

Korteweg–de Vries (KdV) and nonlinear Schrödinger (NLS) equations. These systems 

frequently produce solitons—stable, wave-like structures that maintain their shape over time 

due to the system's integrability. Analytical techniques, including the inverse scattering 

method, the Hirota method, and Darboux transformations, are commonly employed to solve 

these equations and uncover their underlying structures. In this talk, we present explicit 

travelling-wave solutions for the Hirota equation. Furthermore, we demonstrate how the NLS 

and complex modified KdV (cmKdV) equations can be derived from these solutions. 

Keywords: Integrable systems; travelling-wave solutions; Hirota equation; solitons.  

 

REFERENCES 

1. Ablowitz, M.J. and Clarkson, P.A., Solitons, Nonlinear Evolution Equations and Inverse 
Scattering (Vol.149, London Mathematical Society Lecture Note Series), Cambridge 
University Press (1991). 
 
2. Drazin, P.G. and Johnson, R.S., Solitons: An Introduction, Cambridge University Press 
(1989).  

3. Korteweg, D.J. and de Vries, G., On the Change of Form of Long Waves Advancing in a 
Rectangular Canal, and on a New Type of Long Stationary Waves, The London, Edinburgh, 
and Dublin Philosophical Magazine and Journal of Science, 39(240), 422–443 (1895). 

4. Russell, J.S., Report on waves, Fourteenth meeting of the British Association for the 
Advancement of Science, 1844. 
 
5. Zakharov, V.E. and Shabat, A.B., Exact theory of two-dimensional self-focusing and one-
dimensional self-modulation of waves in nonlinear media, Soviet Phys.JETP, 34 (1972), 62-
69. 



14710th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Multi-Task Transformer Architecture for Multi-Asset 
Financial Risk and Return Forecasting: Conditional 

Efficacy, Negative Transfer, and Explainability Analysis 
Ebru Altunbağ 1  

1 Department of Applied Mathematics, Muğla Sıtkı Koçman University, Muğla, Turkey 

ebrualtunbag@mu.edu.tr, 

Abstract  

In this paper, we evaluate a multi-task Transformer (MTL) for simultaneous return and 
volatility forecasting across four assets (BIST100, USD/TRY, EUR/TRY, Gold) using 3,890 
daily observations (2010–2024). A 480-configuration grid search identifies Partial Sharing with 
Uncertainty Weighting and a 10-day lookback as optimal. For BIST100, MTL outperforms the 
Naive baseline (RetMAE: 0.0143 vs 0.0194; DM=−6.45, p<0.001). In volatility, MTL 
outperforms GARCH(1,1), EGARCH(1,1) and GJR-GARCH(1,1) for all assets (all DM<−3.4, 
p<0.001), while asymmetric GARCH models offer negligible improvement over standard 
GARCH(1,1). For USD/TRY (kurtosis≈101) and Gold, however, Naive significantly 
outperforms MTL. Rolling GARCH persistence-based period isolation reveals this negative 
transfer is independent of the IGARCH regime, suggesting it stems from multiple structural 
factors including extreme kurtosis, persistent exchange rate pressure, and central bank 
interventions. SHAP confirms volatility features as dominant cross-task signals. These findings 
document the conditional efficacy of MTL in heterogeneous financial portfolios. 

Keywords: Multi-Task Learning; Transformer; BIST100; Negative Transfer; EGARCH; GJR-
GARCH; SHAP; Diebold-Mariano; Partial Sharing; Uncertainty Weighting.. 

REFERENCES 
1. T. Bollerslev, “Generalized autoregressive conditional heteroskedasticity,” J. Econometrics, 

vol. 31, no. 3, pp. 307–327, 1986. 
2. D. B. Nelson, “Conditional heteroskedasticity in asset returns: A new approach,” 

Econometrica, vol. 59, no. 2, pp. 347–370, 1991. 
3. L. R. Glosten, R. Jagannathan, and D. E. Runkle, “On the relation between the expected 

value and the volatility of the nominal excess return on stocks,” J. Finance, vol. 48, no. 5, 
pp. 1779–1801, 1993. 

4. S. Ruder, “An overview of multi-task learning in deep neural networks,” arXiv:1706.05098, 
2017. 

5. A. Kendall, Y. Gal, and R. Cipolla, “Multi-task learning using uncertainty to weigh losses 
for scene geometry and semantics,” Proc. IEEE/CVF CVPR, 2018. 

*This study is derived from the master’s thesis of Ebru Altunbağ (Ref. No: 10734530) conducted under the 
supervision of Prof. Dr. Mehmet Ali Balcı at Muğla Sıtkı Koçman University, Institute of Natural Sciences, 
Department of Applied Mathematics. 



148 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Multi soliton Solutions of Complex mKdV Equation 
Velat KARAKEÇİ 

Department of Mathematics, University of Dicle, Diyarbakır, Turkey 

velatkara21@gmail.com 

Abstract: The study of solitons—stable, self-reinforcing wave packets—is vital to 
understanding nonlinear evolution equations in mathematical physics. While the field utilizes 
several sophisticated techniques for exploration, Hirota’s bilinear method offers a particularly 
elegant and direct path to revealing a system’s integrability. This paper employs the Hirota 
method to solve the complex modified KdV (cmKdV) equation, providing explicit, closed-
form expressions for one- and two-soliton solutions. These results offer deeper insight into the 
system's temporal progression and provide a foundation for further analysis of multi-soliton 
interactions in complex nonlinear media. 

Keywords: Integrable systems; solitons; Hirota Method; Complex modified KdV Equation.  
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Abstract  

In this work, a new family of exact soliton solutions for the anti-cubic nonlinear Biswas–
Milovic equation is derived by applying the Sardar sub-equation method. Through an 
appropriate transformation, the governing nonlinear partial differential equation is reduced to a 
nonlinear ordinary differential equation, which is then systematically solved via the proposed 
scheme. The method yields a variety of explicit solution structures, including parameter-
dependent soliton profiles, expressed in closed analytical form. The validity and consistency of 
the obtained solutions are verified through direct substitution, while graphical representations 
are employed to illustrate the influence nonlinear parameters on the solution behavior. The 
results reveal significant characteristics of soliton dynamics, such as amplitude variation, 
localization, and stability patterns. These findings contribute to a deeper mathematical 
understanding of nonlinear systems and their associated soliton structures that provide practical 
insight into pulse transmission in nonlinear optical fibers, offering improved control over 
dispersion and attenuation mechanisms.  

Keywords: Sardar method; Soliton solutions; Nonlinearity. 
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Abstract  

This study presents an efficient analytical treatment of the fractional-order Biswas–
Milovic equation with anti-cubic nonlinearity via the New Kudryashov Method (NKM) and 
the Addendum to Kudryashov Method (AKM). Novel exact solutions are constructed, 
revealing previously unexplored features of nonlinear wave dynamics. 

The fractional framework enhances the modeling of dispersive and anomalous transport 
phenomena, while anti-cubic nonlinearity significantly modifies classical soliton behavior. 
NKM provides direct closed-form solutions, whereas AKM extends the solution space to 
more general structures. 

The results confirm the effectiveness of both methods in capturing complex, non-classical 
soliton profiles, establishing them as powerful tools for analyzing fractional nonlinear wave 
systems. 

Keywords: Fractional Biswas–Milovic equation; New Kudryashov method; Addendum to 

Kudryashov method; Exact solutions. 
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Abstract  

In this study, we investigate nonlinear Fourier basis, which are constructed via boundary 
values of Möbius transformations and provide a generalization of the classical Fourier basis. 
Building on the time–frequency analysis framework introduced by Huang, we examine how 
these structures can be effectively utilized in signal analysis [1]. Particular attention is given to 
summability methods Cesàro-type and generalized de la Vallée–Poussin means which have 
been successfully adapted to series with non-linear Fourier basis in 2018 [2-3] and the extension 
of more powerful classical methods such as Riesz and Nörlund which remains an open problem. 
In this work, we aim to bridge this gap by analyzing the applicability of these methods. The 
findings contribute to the theoretical development of non-linear Fourier analysis and provide a 
foundation for further applications in signal processing and related fields. 

 
Keywords: Nonlinear Fourier bases; summability methods; Cesàro mean, Riesz mean, 

Nörlundmeans, Hölder spaces. 
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Abstract  

Brucellosis, caused by bacteria from the genus Brucella, is one of the most common zoonotic 
diseases in the world, transmitting from animals to animals and humans. Due to the health 
problems it causes in humans and animals, as well as the financial damage it inflicts, brucellosis 
has been investigated using mathematical models. In this study, we propose a delayed model 
with multiple time delays, where these delays correspond to the latent infection periods for 
brucellosis in livestock and humans. Next, we calculate the basic reproduction number of the 
model and describe the brucellosis transmission potential by analyzing the sensitivity of the 
reproduction number. Furthermore, we estimate the parameters of the delayed brucellosis 
model using reported cases of human brucellosis in mainland China from 2004 to 2018. 

Keywords: Brucellosis; Mathematical model; Parameter estimation; Time delay. 
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Abstract: Ordinary differential equations (ODEs) remain a cornerstone of mathematical 
modelling, yet their analytical solution often requires sophisticated techniques. Lie symmetry 
methods, pioneered by Sophus Lie in the late 19th century, provide a systematic framework 
for exploiting invariance properties to simplify and solve ODEs. Central to this approach is 
the identification of infinitesimal generators and their prolongations, which allow one to 
determine the symmetry group of a given equation and construct associated differential 
invariants. These invariants enable order reduction and, in many cases, the derivation of 
closed-form solutions. 

This talk will survey the classical theory of Lie point symmetries, including the Lie Symmetry 
Condition (LSC) and its role in solving nonlinear ODEs. We will highlight applications such 
as linearization by symmetry structure and Lie’s Linearization Theorem, which demonstrate 
how nonlinear equations can be transformed into linear ones under appropriate symmetry 
constraints. Beyond point symmetries, we will discuss extensions to generalize symmetries 
and their relevance in modern contexts. 

Keywords: Symmetry methods; Lie symmetry; Ordinary differential equations.  
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Abstract  

In this work, we consider the wave equation with fractional term. We consider the 
nonexistence of global solutions under suitable conditions. 
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Abstract  

Carbon emissions are a major environmental challenge, with the transportation sector 
accounting for about 21% of global emissions. Urban public transport, especially diesel buses, 
is a key contributor in cities. Electric buses can reduce emissions by eliminating tailpipe 
pollutants, but their environmental benefit depends on the electricity source. If powered by 
fossil fuels, emission reductions remain limited, making renewable energy integration 
essential. This study examines a public transport route in Istanbul to assess renewable-
supported electric bus operations. Photovoltaic and wind energy are evaluated to meet 
charging demand, while an overnight charging strategy is used to benefit from off-peak tariffs 
and ensure reliable operation. Energy storage is also considered to improve system flexibility. 
An optimization framework is developed to determine the optimal sizing of renewable and 
storage components by using HOMER Grid. The results indicate that the proposed system 
achieves a favorable payback period and a competitive levelized cost of energy, along with 
notable cost savings, while also significantly reducing carbon emissions, demonstrating that 
renewable-supported electric bus systems can provide a sustainable and economically viable 
solution for urban transportation. 

Keywords: Electric bus; Renewable energy integration; Urban transportation; System 
optimization; Carbon emissions; LCOE. 
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Abstract 

The time-fractional cubic-quartic nonlinear Schrödinger equation is an important model 

in quantum optics, nonlinear optics, condensed matter physics, ultra-short laser pulse 

compression, and optical pulse propagation. Using a complex phase-amplitude 

transformation, the fractional equation is converted into a classical complex form. In this 

article, we implement a simple analytical method, the (Ω′ Ω⁄ , 1 Ω⁄ )-expansion method, to 

obtain a variety of novel soliton solutions. These include trigonometric, hyperbolic, and 

rational forms, such as anti-kink solitons, bell-shaped solitons, periodic solitons, anti-peakons, 

and compactons. Graphical illustrations are provided to interpret the physical significance of 

these solutions. The solutions presented here provide potential applications in optical fiber 

communications and plasma wave research, especially in systems involving higher-order 

dispersion, Kerr nonlinearity, and parabolic-law nonlinearity. This work will serve as a 

helpful work for the researchers working in nonlinear wave propagation and related fields.  

Keywords: Time-fractional cubic-quintic nonlinear Schrodinger equation; (Ω′ Ω⁄ , 1 Ω)⁄ -

expansion method; optical fiber; soliton solutions; fractional derivative. 
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Abstract:This study provides a computing stochastic platform using the scale conjugate 
gradient neural network (SCJGNN) for solving the mathematical immune regulation of type 1 
diabetes model. The model is categorized into resting macrophages, activated macrophages, 
antigen cells, autolytic T cells, and cells. The dataset is generalized through the Adam solver 
implemented to diminish the mean square error, which is divided into validation 0.15, training 
0.72, and testing 0.13. The process of neural network is performed using the optimization of 
SCGNN, log-sigmoid as an activation function, sixteen numbers of neurons, and 
hidden/output layers for solving the immune regulation model. The similarity of the findings 
and the relatively small computed absolute error around 10-05 to 10-07 for each category of 
the mathematical model indicate the validity of the scheme. Additionally, the regression 
capabilities for each case is evaluated, which demonstrate the scheme’s stability. 
 
Keywords: Immune regulation; Scale conjugate; Computational performances; Neural network; 
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Abstract  

This study focuses on the numerical solutions of higher-order linear ordinary differential 
equations with variable coefficients. The proposed approach is based on Pell–Lucas 
polynomials, which are used as basis functions in expressing the approximate solution as a 
discrete series expansion. By using the derivative properties of Pell–Lucas polynomials, the 
differential equation is systematically transformed into a compact matrix form, significantly 
simplifying the solution process. Unlike classical methods, the proposed approach allows the 
equations to be directly transformed into a system of linear algebraic equations using equally 
spaced collocation points. In addition, an error analysis procedure is presented to evaluate the 
accuracy and convergence behavior of the obtained approximate solutions. 

 
Keywords: Pell-Lucas collocation method; Pell-Lucas polynomials; Higher-order linear 
differential equations. 
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Abstract  

Mathematical modeling plays a crucial role in analyzing complex biological systems 
and supporting decision-making processes, particularly in cancer research. Breast cancer 
remains one of the leading causes of mortality worldwide, emphasizing the need for effective 
diagnostic and treatment strategies. In this study, a compartmental model describing the 
progression of breast cancer, including diagnosis and treatment mechanisms, is proposed. The 
model is examined through analyses of positivity, boundedness, equilibrium points, and their 
stability to confirm its biological validity. The basic reproduction number is computed, and a 
sensitivity analysis is performed to assess the impact of key parameters. Moreover, optimal 
control theory is incorporated by introducing control variables associated with diagnosis and 
treatment, converting the model into an optimal control framework. Three distinct strategies 
are evaluated using numerical simulations to identify the most effective approach. The 
findings reveal that the simultaneous implementation of all control measures produces the 
best outcomes, underscoring the importance of combining early detection with appropriate 
treatment to enhance survival rates. 

Keywords: Breast cancer modeling; Optimal control; Compartmental model; Sensitivity 

analysis, Early diagnosis 
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Abstract  

Catmull–Clark subdivision scheme is one of the most well-known and widely used 

approximation subdivision schemes in the literature. However, the limit surface generated by 

the Catmull-Clark subdivision scheme does not interpolate the vertices of the given mesh. To 

address this issue, we present a Gauss-Seidel progressive iterative approximation (GS-PIA) 

method for Catmull-Clark subdivision surface interpolation by combining the classical Gauss-

Seidel iterative technique for solving linear systems with the progressive iterative 

approximation framework for geometric data interpolation. The proposed scheme is 

developed to generate interpolatory Catmull-Clark subdivision surfaces while preserving the 

geometric features of the given control mesh. The convergence of the proposed iterative 

process is established through matrix analysis and the spectral properties of the associated 

iteration matrix. Several numerical experiments are presented to validate the accuracy, 

computational efficiency, and effectiveness of the proposed method for Catmull–Clark 

subdivision surface interpolation. 

Keywords: Catmull-Clark subdivision scheme; Gauss-Seidel iterative method ; 

Progressive- iterative approximation (PIA). 
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Abstract  

In this paper, we study the Cauchy problem for a linear scalar integro-differential equation with 

a small perturbation parameter. Such equations play a significant role in modern mathematical 

analysis due to their ability to describe processes with memory effects and rapid transitions. 

The presence of the small parameter leads to solutions characterized by boundary layers and 

asymptotic behavior. We assume that the coefficient function, the kernel, and the source term 

are sufficiently smooth. Furthermore, the problem is analyzed within the framework of singular 

perturbation theory, and special attention is given to the role of the Dirac delta function as a 

powerful analytical tool. The structure of the solution and its qualitative properties are 

discussed, providing insight into both theoretical aspects and potential applications. 

Keywords: Integro-differential equations; Cauchy problem; Singular perturbation; Dirac delta 

function; Asymptotic behavior. 
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Abstract  

We investigate the formation of extreme waves, often referred to as rogue or freak waves, 
which pose significant risks in oceanic environments and also arise in systems such as 
plasmas and financial models. Their generation is studied through Monte Carlo simulations of 
soliton ensembles with randomly distributed amplitudes, a regime commonly known as 
soliton gas, within the Schamel and modified Korteweg–de Vries equations. We analyze the 
resulting statistical properties of this turbulence, including wave spectra, higher-order 
moments, and probability distribution functions, providing insight into the mechanisms 
underlying the emergence of extreme events. 

Keywords: Soliton; KdV equation; Non-integrable systems. 
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Abstract  

In this work, we study the existence and uniqueness of the local solution for the initial-
boundary value problem of a double dispersive and dissipative  wave equation with variable 
coefficient via Galerkin approximation and fixed point theory. 

Keywords: Dissipative wave equation; Galerkin approximation; Variable coefficient. 
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Abstract  

Reliable dosimetric verification of clinical electron beams is essential for quality assurance in  
external beam radiotherapy. This study investigates the feasibility of using Monte Carlo dose 
calculations based on the FLUKA code as an independent verification tool for electron beam 
dosimetry. Electron beams with nominal energies of 6, 9, 12, and 15 MeV were simulated in a 
homogeneous water phantom under clinically relevant irradiation conditions. 

Percent depth dose (PDD) curves, depth–dose parameters (R₁₀₀, R₉₀, R₅₀), output characteristics, 
and effective beam energies (E₀) were derived and compared with measurements from a clinical 
linear accelerator. Agreement between simulations and measurements was evaluated using a 
dual acceptance criterion, including a local ±5% dose difference with a minimum 90% pass 
rate, as well as stricter ±3% and ±2% tolerances. 

For 9 MeV and 15 MeV beams, pass rates of 93% and 90.4% were achieved under the ±5% 
criterion, with deviations mainly observed in high-gradient regions. Depth–dose parameters and 
effective energies showed strong agreement, with relative differences in R₅₀ and E₀ generally 
below 1%. 

These results demonstrate that FLUKA accurately reproduces clinically relevant electron beam 
dosimetric characteristics and can serve as a reliable Monte Carlo–based tool for independent 
dose verification in radiotherapy. 

Keywords: Monte Carlo simulation, FLUKA, electron beam dosimetry, radiotherapy QA 
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Reliable dosimetric verification of clinical electron beams is essential for quality assurance in  
external beam radiotherapy. This study investigates the feasibility of using Monte Carlo dose 
calculations based on the FLUKA code as an independent verification tool for electron beam 
dosimetry. Electron beams with nominal energies of 6, 9, 12, and 15 MeV were simulated in a 
homogeneous water phantom under clinically relevant irradiation conditions. 

Percent depth dose (PDD) curves, depth–dose parameters (R₁₀₀, R₉₀, R₅₀), output characteristics, 
and effective beam energies (E₀) were derived and compared with measurements from a clinical 
linear accelerator. Agreement between simulations and measurements was evaluated using a 
dual acceptance criterion, including a local ±5% dose difference with a minimum 90% pass 
rate, as well as stricter ±3% and ±2% tolerances. 

For 9 MeV and 15 MeV beams, pass rates of 93% and 90.4% were achieved under the ±5% 
criterion, with deviations mainly observed in high-gradient regions. Depth–dose parameters and 
effective energies showed strong agreement, with relative differences in R₅₀ and E₀ generally 
below 1%. 

These results demonstrate that FLUKA accurately reproduces clinically relevant electron beam 
dosimetric characteristics and can serve as a reliable Monte Carlo–based tool for independent 
dose verification in radiotherapy. 

Keywords: Monte Carlo simulation, FLUKA, electron beam dosimetry, radiotherapy QA 
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In this work the existence of global solutions for a system of nonlinear pseudo-hyperbolic 
equations, consisting of two coupled equations, is investigated. The Galerkin method is employed 
to construct approximate solutions, followed by the derivation of a'priori estimates. By utilizing 
Hölder's and Young's inequalities, the boundedness of the solutions within specific functional 
spaces is established.  

The Banach-Alaoglu theorem is invoked to demonstrate the existence of a weak-star 
solution. Finally, the limit transition is performed by applying the Aubin-Lions compactness 
theorem in conjunction with the weak convergence of sequences, thereby establishing the global 
existence of the solution to the posed problem. 
 
Keywords. System of nonlinear pseudo-hyperbolic equations, Laplacian operator, Galerkin’s 
method, Holder's inequality, Young inequality, Banach-Alaoglu theorem, Aubin-Lions theorems. 

REFERENCES 

1. Pashayev, A. (2018). Existence of global solutions of the mixed problem for a system of nonlinear 
wave equations with Q-Laplacian operators. Advanced Mathematical Models and 
Applications, 3(2), 168-176. 

2. Gao, H., &Ma, T.F. (1999). Global solutions for a nonlinear wave equation with the p-Laplacian 
operator.Electronic Journal of Qualitative Theory of Differential Equations, 1999(11), 1-13. 

3. Hongjun, G., & Hui, Z. (2007). Global nonexistence of the solutions for a nonlinear wave equation 
with the q-Laplacian operator. J. Partial Diff. Eqs, 71-79. 

4. Levine, H.A. (1974). Instability and nonexistence of global solutions to nonlinear wave equations 
of the form 𝑃𝑃𝑃𝑃_ {𝑡𝑡𝑡𝑡}=-𝐴𝐴𝐴𝐴+ ℱ (𝓊𝓊).Transactions of the American mathematical society, 192, 1-21. 

5. Georgiev, V., & Todorova, G. (1994). Existence of a solution of the wave equation with nonlinear 
damping and source terms.Journal of differential equations, 109(2), 295-308. 

6. Medeiros, L. A., & Miranda, M. M. (1990). On a nonlinear wave equation with damping.Revista 
Matemática de la Universidad Complutense de Madrid, 3(2-3), 213-231. 

7. Aliev, A.B., & Yusifova, G.I. (2017). Nonexistence of global solutions of Cauchy problems for 
systems of semilinear hyperbolic equations with positive initial energy. Electronic Journal of 
Differential Equations, 211(2017), 1-10. 

8. Wang, Y. (2009). Non-existence of global solutions of a class of coupled non-linear Klein–Gordon 
equations with non-negative potentials and arbitrary initial energy. IMA Journal of Applied 
Mathematics, 74(3), 392-415. 

9. Ye, Y. (2014). Global existence and nonexistence of solutions for coupled nonlinear wave 
equations with damping and source terms. Bull. Korean Math. Soc., 51(6), 1697-1710. 



166 10th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

ON THE OPTIMALITY OF SINGULAR CONTROLS IN 
AN OPTIMAL CONTROL PROBLEM DESCRIBED BY 
A SYSTEM OF STOCHASTIC NONLINEAR INTEGRO-

DIFFERENTIAL EQUATIONS 
 

Rashad Mastaliyev1,2, Khayala Alasgerova2, Asif Pashayev1 

1 Department of Mathematics and Informatics, University of Azeribaijan, Baku, Azerbaijan 
2Institute of Mathematics, Baku, Azerbaijan 

3Azerbaijan State University of Economics (UNEC), Baku, Azerbaijan  
rashad.mastaliyev@au.edu.az; khayala.alasgarova@unec.edu.az; asif.pashayev@au.edu.az 

Abstract  

In this work first order necessary optimality condition is obtained in the form of the 
stochastic analog of Pontryagin’s maximum principle for an optimal control problem 
described by a system of stochastic integro-differential equations. A singular case (in the 
considered sense) is investigated, and second order necessary optimality conditions of 
singular controls are derived. 

Keywords: Stochastic integro-differential equations; Optimal control; Pontryagin’s 
maximum principle; Singular controls.  
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Abstract 
Current semiconductor characterization is "trapped" in a static, integer-order chronology. This 

paper shatters the classical Markovian assumption by treating the organic thin film not as a 

passive material, but as a Fractional-Time Memory Cell. We introduce a "Hardware-In-The-

Loop" (HIL) mathematical architecture where the Fytronix characterization system acts as the 

physical solver for Caputo-fractional differential operators. For the first time, we demonstrate 

that the "noise" in transient measurements is not a statistical error, but the Topological Signature 

of anomalous diffusion, decoded through a sub-diffusive Mittag-Leffler kernel. 
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The precision of high-end Fytronix solar simulators is fundamentally linked to the stability of 
the spectral output during prolonged high-intensity exposure. However, when interfacing with 
nanostructured photovoltaic cells, the photocurrent feedback often exhibits complex, non-
periodic fluctuations that traditional linear controllers fail to suppress. This study develops a 
customized numerical framework designed specifically for the Fytronix hardware architecture, 
treating these fluctuations not as system errors, but as high-order chaotic transients within the 
carrier injection manifold. This research moves beyond standard power-supply smoothing 
techniques, introducing a State-Space Predictive Logicthat synchronizes the simulator’s 
electronic driving pulse with the intrinsic relaxation times of the nanostructured test device. 
Original methodologies integrated into this Fytronix-centric model include: Transient Attractor 
Reconstruction: Utilizing the specific sampling rates of Fytronix instrumentation to map the 
"shape" of photocurrent jitter in phase space, allowing for the identification of deterministic 
chaos patterns hidden within seemingly random noise. Thermal-Optical Coupling Feedback: A 
proprietary numerical layer that predicts how localized heat accumulation in the simulator's 
LED/Xenon arrays interacts with the plasmonic resonance of the sample, triggering nonlinear 
"S-curve" stability shifts. Stochastic Resonance Tuning: A radical approach where controlled, 
low-level white noise is injected into the Fytronix control loop to enhance the detection of weak 
signals through the Benzi-Parisi effect, effectively stabilizing the system's dynamic 
equilibrium. By applying this Recursive Stability Zoning to Fytronix platforms, we 
demonstrate a significant reduction in spectral drift and a 40% improvement in the repeatability 
of efficiency measurements for third-generation solar cells. This work redefines the Fytronix 
simulator as more than a light source; it transforms it into a dynamic co-processor capable of 
anticipating and neutralizing the nonlinear instabilities inherent in advanced nanomaterial 
characterization. 
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Nature does not operate in integer steps, yet our sensors are historically shackled to the 
"memoryless" constraints of Newtonian calculus. The junction where an organic electronic 
device meets a living cell is a temporal labyrinth—a zone where ionic currents carry the weight 
of their own history. This research deconstructs the conventional "Ohmic" view of bio-
interfaces, proposing instead a Fractional Ontogeny: a model where the interface is defined not 
by its instantaneous state, but by its spatiotemporal trajectory. By deploying non-local 
operators, we dissolve the artificial boundary between the "soft" stochasticity of the bio-system 
and the "hard" deterministic response of the organic transducer. We demonstrate that 
the fractional exponent (α) is not merely a fitting parameter but a fundamental metabolic clock, 
capturing the sub-diffusive "stutter" of ions through the protein-dense polymer matrix. Our 
framework reveals that the so-called "constant phase" behavior of these sensors is a 
macroscopic manifestation of a deeper, fractal-time logic inherent in living systems. This study 
shifts the goal of bio-electronics from "measuring signals" to "synchronizing 
memories," paving the way for organic interfaces that can truly "feel" the history of the 
biological tissues they inhabit. 

Keywords: Temporal Labyrinth, Fractional Ontogeny, Bio-Digital Synchronization, Fractal-

Time Logic, Memory-Encoded Sensing, Non-Euclidean Transduction. 
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While standard analytical models often treat light interaction as a minor perturbation, 
modern Thin-Film Transistors (TFTs) operating in high-sensitivity environments exhibit deep 
non-linearity driven by the complex interplay of localized state kinetics and photon-induced 
carrier generation. This study introduces a bespoke numerical framework designed to bypass 
the limitations of closed-form solutions by focusing on the stochastic-deterministic hybrid 
modeling of charge transport under non-steady-state illumination. The proposed methodology 
shifts away from traditional global convergence techniques, instead utilizing a modular 
adaptive-mesh refinement strategy that prioritizes the semiconductor-dielectric interface—the 
primary site of photogenerated carrier accumulation. To accurately map the non-linear 
response, we implement several novel computational layers: Dynamic Trap-State 
Integration: A numerical module that recalculates the occupancy of the Gaussian and 
exponential tail states in real-time, reflecting the instantaneous shift in the quasi-Fermi levels 
during illumination. Non-Linear Source Term Coupling: Integration of a non-local 
photogeneration rate into the Scharfetter-Gummel discretization, allowing for the simulation of 
"optical screening" effects where excessive carrier density modifies the local electric field. 
Accelerated Jacobian Preconditioning: A customized solver designed to handle the stiff 
matrices resulting from the abrupt transition between dark and illuminated states, significantly 
reducing the computational cost of transient simulations.  

By decoupling the thermal and optical generation components within a self-consistent 
iterative loop, this framework successfully predicts the "S-shaped" output characteristics and 
the non-linear responsivity roll-off often observed but rarely modeled in organic and metal-
oxide TFTs. The simulation results provide a unique look into the Persistent Photoconductivity 
(PPC) phenomenon, offering a predictive pathway for designing sensors that require rapid 
recovery times despite high trap densities. This numerical approach serves as a robust virtual 
laboratory for engineering the next generation of light-responsive thin-film architectures. 

Keywords: Analytical models, Thin-Film Transistors, Stochastic-deterministic hybrid 
modeling 
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Thin-film deposition is often misconstrued as a passive accumulation of matter; in reality, it is 

a kinetic drama played out in the shadow-play of vacuum physics. This work moves beyond 

the rudimentary metrics of "roughness" to explore the topological scars left by atomic 

bombardment. We treat the vacuum-deposited surface not as a flat plane, but as a fractal 

archive—a non-Euclidean history of every collision, diffusion event, and shadow-casting 

shadow that occurred during growth. By interrogating the surface through a synthesis 

of Minkowski functionals and computational topology, we uncover a "geometric metabolism" 

hidden within the film’s morphology. We demonstrate that fractal surfaces are not random 

defects but are the deterministic fingerprints of thermodynamic exhaustion. Our analysis proves 

that the "void-space architecture"—the topology of what isn't there—is just as influential on 

the film’s electronic destiny as the atoms themselves. By decoding the scaling laws of these 

chaotic terrains, we propose a new law of "Topological Ancestry,"where the initial nucleation 

"memory" dictates the fractal complexity of the macroscopic layer. This research transforms 

the way we perceive thin films: no longer as static coatings, but as living geometries whose 

functional power lies in the deliberate engineering of their own structural chaos. 

Keywords: Atomic Landscapes, Topological Scars, Geometric Metabolism, Void-Space 
Architecture, Fractal Sovereignty, Thermodynamic Exhaustion. 
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Abstract  

         In this paper, we examine a modified model of the Camassa-Holm equation, an equation 
that models shallow water waves, with a weakly dispersive term. Initially, we obtain local 
well-posedness for this equation. After finding a conservation law, we obtain a new global 
existence result. 
 
Keywords: Modified Camassa-Holm equation; weakly dissipative; local well-posedness; 

global existence 
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Abstract  

    In this study, a coupled nonlinear evolution system is investigated using the extended 

hyperbolic function method. By applying a traveling wave transformation, the model is reduced 

to a system of ordinary differential equations, and various exact solutions are obtained. The 

method yields different wave structures including bright, dark, and periodic soliton solutions 

expressed in hyperbolic function forms. The effects of system parameters on the existence of 

these solutions are also discussed. The results show that the considered model possesses rich 

nonlinear wave dynamics and that the applied method is an effective tool for constructing exact 

solutions. 

Keywords: Extended hyperbolic function method; Optical Soliton solutions. 
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Abstract  

Recently, fractional order epidemiological modeling have captured the attention of 
researchers due to its strength in capturing hereditary and memory characteristics. However, it 
is considered challenging to solve such models due to its complex and nonlinear nature. The 
prediction heart disease system consists of seven dynamics: inflammation, blood pressure, 
heart rate, cholesterol, plaque accumulation, heart disease risk, and insulin. In this study, we 
propose an advanced dual layered neural network computational scheme for solving the 
fractional order heart disease prediction model using two activation functions along with 
different number of neurons. Moreover, several tests are applied for achieving precision, such 
as regression, error histogram, and state transitions. 

Keywords: Biological modeling; Fractional calculus; Neural network with two layers; 

Activation function. 
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Abstract  

This paper explores the bifurcation behavior and chaos control in a discrete-time predator–prey 

model incorporating a prey refuge mechanism. The model, which accounts for the Allee effect 

induced by predator pressure on prey populations at low densities, is further developed by 

introducing a refuge threshold to reflect realistic protective behaviors in ecological 

environments. Fixed points and their local stability are analyzed. The onset of complex 

dynamical patterns is investigated through bifurcation analysis, where conditions for flip 

(period-doubling) and Neimark–Sacker bifurcations are rigorously established using the center 

manifold theorem and normal form theory. To mitigate chaotic dynamics, a linear state 

feedback control method is proposed and applied to the system. The analytical findings are 

validated through numerical simulations. The results highlight the role of the refuge mechanism 

in shaping the long-term dynamics of the interacting populations. 

Keywords: Predator–prey model, Discrete-time system, Bifurcation analysis, Chaos control, 

Prey refuge, Allee effect, Center manifold theorem, Normal form theory, Stability analysis 
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Abstract  

This paper investigates the computational synchronization of parametric time-series 
estimation and non-parametric machine learning techniques for forecasting non-stationary data 
subject to heavy structural discontinuities. Initially, we formalize the underlying trend of the 
sample sequence using polynomial least squares, subsequently accommodating periodic 
oscillations via Seasonal Auto-Regressive Integrated Moving Average (SARIMA) operators. 
However, traditional linear estimators systematically generate expanding residual variances 
when confronted with abrupt, exogenous structural breaks. To solve this optimization 
limitation, we introduce a composite algorithmic architecture that leverages Extreme Gradient 
Boosting (XGBoost) to recursively minimize the structural residuals extracted from the 
SARIMA baseline using a heavily penalized objective function. Subjected to an empirical 
dataset of 53 discrete intervals containing a statistically verified nonlinear shift, the hybrid 
SARIMA-XGBoost specification drastically reduced the loss metrics compared to its isolated 
parent models. The mathematical evidence confirms that superimposing gradient-boosted 
decision trees onto classical autoregressive models provides a highly optimal variance-
reduction mechanism for volatile sequential data. 

Keywords: Ordinary Least Squares Regression, ARIMA, SARIMA, Random Forest,XGBoost 

REFERENCES 

1. Box, G. E. P., Jenkins, G. M., Reinsel, G. C., & Ljung, G. M. (2015). Time Series 

Analysis: Forecasting and Control (5th ed.). Wiley.  

2. Chen, T., & Guestrin, C. (2016). XGBoost: A scalable tree boosting system. 

Proceedings of the 22nd ACM SIGKDD International Conference on Knowledge 

Discovery and Data Mining, 785–794.  

3. Makridakis S, Spiliotis E, Assimakopoulos V (2018) Statistical and Machine 

Learning forecasting methods: Concerns and ways forward. PLOS ONE 13(3): 

e0194889. https://doi.org/10.1371/journal.pone.0194889 



17910th International Conference on Computational Mathematics and Engineering Sciences
24 - 26 April 2026, İstanbul  – Türkiye

Optimizing Sequential Data Projections via Non-
Parametric Error Correction: A Composite Modeling 

Approach 
Yasemin DEMİREL 1  

1 Istanbul Topkapi University, Department of Data Science and Analytics, Istanbul, Türkiye 

yasemindemirel@topkapi.edu.tr 

Abstract  

This paper investigates the computational synchronization of parametric time-series 
estimation and non-parametric machine learning techniques for forecasting non-stationary data 
subject to heavy structural discontinuities. Initially, we formalize the underlying trend of the 
sample sequence using polynomial least squares, subsequently accommodating periodic 
oscillations via Seasonal Auto-Regressive Integrated Moving Average (SARIMA) operators. 
However, traditional linear estimators systematically generate expanding residual variances 
when confronted with abrupt, exogenous structural breaks. To solve this optimization 
limitation, we introduce a composite algorithmic architecture that leverages Extreme Gradient 
Boosting (XGBoost) to recursively minimize the structural residuals extracted from the 
SARIMA baseline using a heavily penalized objective function. Subjected to an empirical 
dataset of 53 discrete intervals containing a statistically verified nonlinear shift, the hybrid 
SARIMA-XGBoost specification drastically reduced the loss metrics compared to its isolated 
parent models. The mathematical evidence confirms that superimposing gradient-boosted 
decision trees onto classical autoregressive models provides a highly optimal variance-
reduction mechanism for volatile sequential data. 

Keywords: Ordinary Least Squares Regression, ARIMA, SARIMA, Random Forest,XGBoost 

REFERENCES 

1. Box, G. E. P., Jenkins, G. M., Reinsel, G. C., & Ljung, G. M. (2015). Time Series 

Analysis: Forecasting and Control (5th ed.). Wiley.  

2. Chen, T., & Guestrin, C. (2016). XGBoost: A scalable tree boosting system. 

Proceedings of the 22nd ACM SIGKDD International Conference on Knowledge 

Discovery and Data Mining, 785–794.  

3. Makridakis S, Spiliotis E, Assimakopoulos V (2018) Statistical and Machine 

Learning forecasting methods: Concerns and ways forward. PLOS ONE 13(3): 

e0194889. https://doi.org/10.1371/journal.pone.0194889 

Fractional-Order Modeling of Malware Spread using the 
Homotopy Perturbation Method 

 

Yerra Shankar Rao1, Kishan Kumar2, Mehmet Yavuz3,4, Binayak Dihudi5  
1 Department of Mathematics NIST University Berhampur, 761008, Odisha, India 

2 Department of Mathematics Research Scholar, NIST University Berhampur, 761008, 
Odisha, India 

3 Department of Mathematics and Computer Sciences, Necmettin Erbakan University, 42090 
Konya, Türkiye 

4 Department of Applied Mathematics and Informatics, Kyrgyz-Turkish Manas University, 
Bishkek 720038, Kyrgyzstan 

5 Department of Mathematics KIST Jatani Bhubaneswar, Odisha India, 752050 
sankar.math1@gmail.com, nibeditta2006@gmail.com, mehmet.yavuz@manas.edu.kg, 

bdihudi@gmail.com 

 

Abstract  

Malicious software, commonly referred to as malware, is a type of computer program 
that infiltrates and harms the actual computer system without obtaining user consent. It poses 
a significant threat to information security. To address this concern, precise sensor networks 
have been developed to characterize and assess the spread of malicious objects across 
networks. In this paper, a fractional-order malware transmission model has been created to 
depict the dissemination of malware within a wireless sensor network. This model employs 
fractional differential equations to account for memory effects in the transmission dynamics. 
Given that the resulting system is nonlinear and challenging to solve exactly, the homotopy 
perturbation method (HPM) is utilized to derive approximate analytical solutions. Numerical 
simulations are provided to demonstrate the model's behavior and to analyze the impact of the 
semi-analytical method on the spread of disease. The findings indicate that the homotopy 
perturbation method is an effective approach for solving fractional epidemic models and 
offers valuable insights into the dynamics of malware transmission. 
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Abstract  

This study investigates a numerical approach to solving singularly perturbed boundary value 

problems exhibiting boundary layer behavior. A benchmark problem with a known analytic 

solution is used to verify the accuracy and robustness of the proposed method. Error analysis is 

performed using maximum norms, and convergence behavior is examined through log-log 

plots. The numerical results show that the method provides uniform second-order convergence 

with respect to the perturbation parameter. 

Keywords: Singular perturbation; Boundary layer; Finite difference method; Error analysis; 

Convergence rate. 
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Abstract  

In many heat transfer processes, managing temperature gradients is essential to maintain 
thermal stresses within optimal limits and to prevent structural deformation. This study 
investigates a boundary value problem for a heat conduction model that incorporates fading 
memory effects. The main objective is to determine the temperature control function that 
regulates the thermal state within the region from the boundary. In this problem, while one 
boundary is maintained at a homogeneous temperature, the other boundary is governed by a 
control function designed to optimize the resulting thermal stress. By employing analytical 
integral transform techniques, the problem is formulated into Volterra-type integral equations 
and solved via an iterative method to reveal the dynamic behavior of this control function. This 
research provides a critical framework for precision thermal management, presenting a novel 
approach to boundary control under memory-dependent heat conduction laws that has not been 
previously addressed in the literature. 
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Abstract  

In contemporary society, addiction, unemployment, and crime represent some of the most 
rapidly spreading social contagion problems, necessitating rigorous analysis within the 
framework of mathematical epidemiology. While existing literature has extensively examined 
the pairwise interactions between these phenomena, a comprehensive model that integrates all 
three interconnected factors remains a significant gap. This study proposes a novel deterministic 
mathematical model to investigate the dynamic interplay between addiction, unemployment, 
and crime. We conduct a detailed systematic analysis, including the derivation of the basic 
reproduction number and stability analysis of the equilibrium points. Furthermore, numerical 
simulations are performed to illustrate the transitions between different social states and to 
evaluate the long-term behavior of the system. The results provide critical insights into how 
these three social challenges reinforce one another, offering a theoretical foundation for 
developing integrated intervention strategies. By addressing the tripartite relationship for the 
first time in a unified mathematical structure, this research contributes a new perspective to the 
modeling of social epidemics. 

Keywords: Mathematical modeling; Addiction; Unemployment; Crime; Stability analysis; 

Numerical simulation. 
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Abstract  

In this presentation, I will discuss the advantages of using newly introduced singular 
modified fractional operator [1] with Mittag-Leffler kernel (MABC).Some illustrative 
examples will be presented. 

Keywords: Fractional calculus; MABC operator;Fractional dynamics. 
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Abstract  

Mathematical modeling is a critical tool in understanding cancer dynamics, optimizing 
treatment strategies, and predicting tumor growth. This study investigates the complex 
interactions between tumor cells and immune system components consisting of natural killer 
(NK) cells, dendritic cells (DC), and cytotoxic CD8+ T cells under chemotherapy and 
immunotherapy interventions. The main objective of the study is to evaluate the performance 
of different numerical methods in solving commonly used ordinary differential equation (ODE) 
systems and the effect of biological parameters on the system. In this context, in addition to the 
Runge-Kutta 4th Order (RK4), Explicit Euler, and Heun methods frequently used in the 
literature, Backward Differential Formulas (BDF), which can better manage the rigid character 
of the system, and Adaptive Step Interval (RKF45), which is more effective in capturing 
variable dynamics, are included in the analysis. 

Keywords: Tumor Growth Models; Quantitative Methods; Chemotherapy and 
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Abstract  

This study will examine Gottman-Murray problem, a significantly different 
mathematical model, using bigeometric multiplicative analysis techniques instead of classical 
analysis. A stability analysis of the problem will also be conducted. By transferring classical 
stability analysis to the bigeometric plane, critical thresholds in marital equilibrium will be 
defined for the first time beyond conventional arithmetic methods. The aim is to reveal the 
nonlinear cumulative effects of interactions in the relationship more precisely by remodeling 
traditional additive change dynamics with multiplicative derivatives, which are more 
appropriate to the growth nature of biological and social systems. The study will also be 
supported by a numerical example. 
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Abstract 

This paper develops and analyzes a three-species food web model describing diseased 
prey--predator interactions. The prey population is divided into infected and susceptible 
classes, both assumed to grow logistically in the absence of predation. A fear effect induced by 
infected prey is incorporated to capture behavioral changes in susceptible prey. Predation is 
modeled using a Beddington-DeAngelis (B.D) functional response to account for predator 
interference during both searching and handling processes. Harvesting susceptible as well as 
infected prey populations must be added into the equation. The existence and feasibility of all 
biologically meaningful equilibrium points are established, and their local and global stability 
properties are rigorously investigated. Transcritical bifurcation is analyzed with respect to the 
basic reproduction number R0, while Hopf bifurcation is studied in relation to the harvesting 
rate h1, revealing the onset of oscillatory dynamics. Numerical simulations are provided to 
illustrate the analytical findings and to demonstrate the complex dynamical behaviors arising 
from predator prey disease interactions. 
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Abstract 

This paper develops and analyzes a three-species food web model describing diseased 
prey--predator interactions. The prey population is divided into infected and susceptible 
classes, both assumed to grow logistically in the absence of predation. A fear effect induced by 
infected prey is incorporated to capture behavioral changes in susceptible prey. Predation is 
modeled using a Beddington-DeAngelis (B.D) functional response to account for predator 
interference during both searching and handling processes. Harvesting susceptible as well as 
infected prey populations must be added into the equation. The existence and feasibility of all 
biologically meaningful equilibrium points are established, and their local and global stability 
properties are rigorously investigated. Transcritical bifurcation is analyzed with respect to the 
basic reproduction number R0, while Hopf bifurcation is studied in relation to the harvesting 
rate h1, revealing the onset of oscillatory dynamics. Numerical simulations are provided to 
illustrate the analytical findings and to demonstrate the complex dynamical behaviors arising 
from predator prey disease interactions. 
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Abstract 

This study explores the role of univalent (schlicht) functions, key objects linking complex 

analysis and fractal geometry in the formation and analysis of fractal structures. It aims to 

demonstrate, through both theoretical and numerical methods, how the conformal properties of 

these functions contribute to the emergence of self-similar and scale-invariant geometries. The 

work introduces the class 𝒮𝒮 and its principal subclasses, starlike (𝒮𝒮*) and convex (K) functions, 

alongside fundamental notions of fractal geometry such as Hausdorff and box-counting 

dimensions. In the applied section, inverse iteration, Schwarz–Christoffel mappings, and 

Möbius transformations are employed to analyze the iterative behavior of univalent functions. 

Fractal boundaries, such as the Julia and Mandelbrot sets, and conformally deformed iterated 

function systems are visualized computationally. The findings indicate that univalent functions 

constitute not only a theoretical framework but also an effective tool for modeling and 

visualizing complex fractal structures. 
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Abstract

This study systematically examines exponential, logistic, and Gompertz models to
understand cancer tumor growth dynamics. Equilibrium points and linear stability analyses
were performed based on the differential equation formulations of the models. As a result of
the analyses, it was determined that the exponential model exhibits unlimited growth, while
the logistic and Gompertz models reach asymptotic stability at the carrying capacity K. It was
found that the Gompertz model shows the highest fit to clinical data and advanced-stage
tumor behavior due to the exponential decrease in growth rate. In extended models including
treatment effects, the critical threshold condition for tumor eradication, δ ≥ r, was
theoretically established. The study emphasizes the importance of mathematical stability
analysis in developing dynamic treatment strategies.

Keywords: Tumor growth models; Stability analysis; Gompertz model; Differential equations;
Mathematical oncology
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Abstract  

The asymptotic behavior of the solution to a singularly perturbed Volterra-type integral 

equation is investigated. The equation contains a small parameter multiplying the unknown 

function, which leads to the formation of a boundary layer. To analyze this problem, Lomov’s 

regularization method is applied. This approach is based on the introduction of a stretched 

variable, which enables the correct description of the boundary layer structure. An extended 

solution is constructed as the sum of a regular part and a boundary layer correction, ensuring 

the matching condition with the original solution. The application of Lomov’s method allows 

for the systematic derivation of a uniform asymptotic expansion and provides an effective 

framework for studying singularly perturbed integral equations. 

Keywords: singular perturbation, Volterra integral equation, boundary layer, asymptotic 

analysis, Lomov’s method, regularization, stretched variable, uniform asymptotic expansion. 
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