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Vice-Chancellor’s Message

Prof. (Dr.) Biplab Halder
N Vice-Chancellor,

/ _ The ICFAI University Tripura
i ¢
b =

It gives me great pleasure to pen this note for the Book of Abstracts of the Global
Assembly for Mathematical Modeling and Analysis (GAMMA)—-2025, a premier con-
ference where mathematical theory, innovation, and real-world application intersect.
Mathematics, as both an ancient discipline and a modern imperative, remains at
the heart of all scientific advancement. Its language is one of logic, yet its influ-
ence is boundless—from decoding genomic sequences to predicting global market
behavior. This conference underscores the critical role of mathematical modeling
and analysis in responding to contemporary global challenges with precision, in-
sight, and resilience. As vice-chancellor, I take immense pride in our university’s
role in hosting such a prestigious gathering. This assembly is not just a confluence
of research; it is a celebration of human curiosity and intellectual courage. The
abstracts presented here capture a mosaic of ideas—diverse in scope, yet unified by
a shared pursuit of truth and understanding. 1 extend my heartfelt gratitude to all
contributors, keynote speakers, reviewers, and the organizing committee for their
commitment to excellence. May this compendium serve as both a record of achieve-
ment and a seedbed for new collaborations that transcend borders and disciplines. I
warmly welcome all delegates to GAMMA and wish you a stimulating and enriching
experience.
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Registrar’s Message

Dr. A. Ranganath
Registrar,
The ICFAI University Tripura

It is a distinct honor to contribute this message to the Book of Abstracts for
the Global Assembly for Mathematical Modeling and Analysis (GAMMA)-2025.
Academic conferences such as GAMMA play a vital role in shaping institutional
relevance in today’s data-driven landscape. As Registrar, I have come to deeply
appreciate the indispensable role that mathematical modeling plays—not only in
academic research but also in educational planning, administrative systems, and
strategic decision-making. This book represents more than a compilation of research
summaries; it is a tangible manifestation of our collective commitment to scholar-
ship, collaboration, and innovation. Each abstract is a window into the rigorous
thinking and groundbreaking work being carried out across the globe. Together,
they reflect the dynamism and diversity that make GAMMA a truly global assem-
bly. I congratulate the editorial and organizing teams for their meticulous work in
bringing this volume to fruition. To all contributors and participants, thank you
for making this gathering intellectually rich and globally relevant. May your time
at GAMMA be marked by meaningful exchanges and the forging of new academic
frontiers.
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UNSTEADY NATURE OF MIXED CONVECTION
THREE-DIMENSIONAL HIEMENZ STAGNATION
POINT FLOW

Abdul Aziz, Tapas Ray Mahapatra

Department of Mathematics, Siksha Bhavana, Visva Bharati, Santiniketan, WB, India,
PIN-731235

E-mail: azizvbmath@gmail.com, tramahapatra@yahoo.com
ABSTRACT

This study delves into the intricate analysis of the unsteady mixed convection
three-dimensional Hiemenz stagnation-point flows over a vertical flat wall immersed
in viscous and incompressible fluid. The analysis considers the derivation of a simi-
larity solution, incorporating ,indicative of the shear to strain rate ratio, w denotes
unsteady parameter and A representing a mixed convection parameter. Numerical
solutions are derived meticulously for typical values of w, § (which is function of \)
and \ with particular towards discerning critical values . and w,. especially con-
cerning opposing flow. Asymptotic results are obtained for large values of w, A and
0. It is observed that dual solutions are present for opposing flows. It is noticed that
the critical values \. of A and w,. of w are found in opposing flow, which produce
two solution branches by making saddle node bifurcation at \. and w,.. A stability
analysis of the steady flow solutions was carried out for different values of mixed
convection parameter A, the unsteady parameter w and it reveals that, the lower
solution branches are unstable while the upper solution branches are stable.

Keywords: Unsteady flow, Stagnation point flow, Hiemenz flow, Mixed convec-
tion.

MS Classification 2020: 76D05, 35Q30.
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SPATIOTEMPORAL RAINFALL VARIABILITY AND
TRENDS IN TRIPURA, INDIA: IMPLICATIONS FOR
WATER RESOURCE MANAGEMENT

Akash Sinha*, Prasenjit Sinha, Bimal Shil

Department of Statistics, Tripura University, Agartala-799022, Tripura, India.
Email: akashsinhakls@gmail.com, drprasenjitsinha2012@gmail.com,
bimalshil738@gmail.com
* correspondence: akashsinhakls@gmail.com

ABSTRACT

Understanding how patterns of rainfall change over time and across different areas
very important for managing water resources, especially for the regions that are
influenced by the monsoon. This study explores the long-term trends and patterns
of 23 weather stations across Tripura, India. To analyse these trends, we follow the
Mann-Kendall test with Sen’s slope estimator, both of which are well-used for envi-
ronmental data analysis without assuming any specific distribution. The outcomes
show noticeable differences in rainfall trends from one location to another. We also
apply Principal Component Analysis (PCA) and K-means clustering for grouping
the stations based on their monthly rainfall pattern behaviour. The analysis shows
clear clusters and gives diverse rainfall regimes all over the state. These results are
very useful for supporting agricultural decisions, infrastructure planning, and strat-
egy development to adapt to changing climate conditions.

Keywords: Rainfall variability, Mann-Kendall test, Sen’s slope, PCA, K- means
Clustering,

MS Classification 2020: 62G10; 62H25: 62J02.
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TAYLOR DIFFUSION IN PLANE COUETTE FLOW
Annesha Chowdhury, Haradhan Maity*, Tapas Ray Mahapatra

Department of Mathematics, Siksha Bhavana, Visva Bharati, Santiniketan, WB,
India, PIN-731235
E-mail: itsmeannesha@gmail.com , hmaity.maths@gmail.com ,
traymahapatra@gmail.com
*Corresponding Author E-mail: hmaity. maths@gmail.com

ABSTRACT

This study offers an analytical approach on the Taylor dispersion within the
context of plane Couette flow. This technique avoids direct numerical calculations
while effectively determining dispersion coefficients and the long-term asymptotic
behavior of the solute. The main purpose of this study is to utilize Aris’s higher
order moment method to analytically evaluate the characteristics of solute trans-
port. By analyzing the temporal evolution of concentration moments, this approach
offers significant insights into the central tendency, distribution shape and size of the
solute. Furthermore, the assessment of higher-order moments allows for the mea-
surement of skewness and kurtosis, which indicate the asymmetry and peaked-ness
of the solute concentration profile. The analytical results obtained from this study
deepen the understanding of how shear flow influences solute dispersion, providing
a comprehensive description of its statistical properties over time.

Keywords: Moment of solute concentration and solute dispersion, mean concen-
tration distribution, geometrical analysis, physical interpretations.

MS Classification 2020: 35C05, 76M60.
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ON MULTISET AND INDEPENDENT MULTISET
DIMENSION OF EXTENDED KAYAK PADDLE GRAPH

Archana Bengeri'* , Venkatesh P.S!, Prasanna Poojary!, Sunny Kumar Sharma?

'Department of Mathematics, Manipal Institute of Technology Bengaluru, Manipal
Academy of Higher Education, Manipal, Karnataka, India
2School of Mathematics, Shri Mata Vaishno Devi University, Katra-182320,
Jammu and Kashmir, India
Email: archanab1016@gmail.com; psvenky111@gmail.com;
poojaryprasannad4@gmail.com; sunnysrrm94@Qgmail.com
*Corresponding author Email: archanab1016@gmail.com

ABSTRACT

A planar graph can be drawn in a plane without any edges intersecting each
other except the vertices. These graphs have a wide range of applications, such as
in game theory, robotics, chemistry, etc. In a connected graph G, a set of vertices
W is called a multiresolving set if the multiset of distances from any vertex v in G
to the vertices in W is unique for each vertex v. The multiset dimension, denoted
by msdim(G), is the size of the smallest multiresolving set. If no such set exists,
msdim(G) is infinite. In this article, we compute the multiset dimension and the
independent multiset dimension of the extended kayak paddle graph.

Keywords:planar graph, multiresolving set, multiset dimension, kayak paddle graph
MS Classification 2020: 05C10, 05C12, 05C38.
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MODELLING FEAR AND ITS CARRY-OVER EFFECTS
WITH BEVERTON-HOLT-LIKE SUPPLEMENTARY
FOOD

Deepabali Datta

Department of Mathematics, Visva-Bharati
Santiniketan-731235, India
E-mail: deepabalidatta.1998@gmail.com

ABSTRACT

The main objective of the present exploration is to examine the dynamic be-
haviour of an interacting species system with a hyperbolic functional response to
fear and its carry-over effects. The primary focus of the present research is on
comprehending how fear affects the system equilibria, stability, and diverse bifurca-
tion structures through carry-over effects. The presence of diversified co-dimension
one bifurcation has been established by incorporating Sotomayor’s theory, and the
direction of Hopf-bifurcation is identified using the normal form theorem. Para-
metric values have been selected for the intrinsic features of the proposed model
with a Beverton-Holt-like food supplement to assess the sensitivity of the interact-
ing species model. The coexistence of both interacting species has been found to be
permanent, with certain parametric restrictions on selecting sensitive parameters.
Numerical simulation and extensive dynamic results have been revealed by imple-
menting both qualitative and quantitative analysis. Analytical results are validated
by extensive numerical simulations, which provide a more comprehensive knowledge
of ecological complexity. These simulations also improve perception by assessing
parameter sensitivity and highlighting how fear influences long-term species rela-
tionships.

Keywords: Population dynamics, Nonlinear dynamics, Stability and bifurcation
theory, Sensitivity analysis, Simulation.
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ABSTRACT

Let p be an odd prime, s be a positive integer and « be an arbitrary unit of the finite
non-chain ring R = < Fym [u] % The structure of a-constacyclic codes of length 2p*

u? 02 uv—vu
R .
2l We determine, the

over R are classified into four distinct type of ideals of W ey

Hamming distances of all such a-constacyclic codes.

Keywords: constacyclic codes; repeated-root codes; Hamming distance; symbol-
pair distances.
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ABSTRACT

Critical causes of global warming and major hazards to human health are emis-
sions of carbon dioxide and sulphur dioxide. Several nations have put emissions
cap-and-trade programs in place as a main regulatory tool to help to reduce these
environmental effects. With an eye toward sustainability, this paper suggests a
multi-objective sustainable economic production quantity model including partially
backordered shortages in response to these constraints. The model explains changing
demand resulting from different urgency degrees during the epidemic. To address
environmental concerns, investments in green technology and preservation efforts
are implemented to decrease both greenhouse gas emissions and product deterio-
ration. Maximizing manufacturer revenues and reducing greenhouse gas emissions
in the manufacturing of ecologically friendly products constitute the main goals of
the concept. The suggested multi-objective model is solved using fuzzy goal pro-
gramming method. Four numerical examples help to show the relevance of the
model. Key findings demonstrate that combining investments in both green and
preservation technologies leads to a more sustainable production system, defined by
lower emissions and better product greenness. Especially, under such investment
approaches, the system becomes more profitable—by 16.1%. A sensitivity analysis
is also undertaken, offering management insights for practical implementation. The
report ends with an overview of the results and recommendations for next study
paths.

Keywords: Preservation technology; Carbon cap- and-trade policy; Green tech-
nology; Sustainable EPQ model; Fuzzy Goal Programming.




FAULT-TOLERANT LOCAL METRIC DIMENSION OF
CERTAIN FAMILIES OF GRAPHS

Geetal, Vidya S?, Prasanna Poojary'*, Sunny Kumar Sharma!, Varalakshmi
Manoharan®

'Department of Mathematics, Manipal Institute of Technology Bengaluru, Manipal
Academy of Higher Education, Manipal, Karnataka, India
2School of Mathematics, Shri Mata Vaishno Devi University, Katra-182320,
Jammu and Kashmir, India
E-mail: geetaramshette080@Qgmail.com , vidyassdk@gmail.com,
poojary.prasanna@manipal.edu, sunnysrrm94@gmail.com,
varalakshmi.m@manipal.edu
*Corresponding author Email: poojary.prasanna@manipal.edu

ABSTRACT

Let G = (V, E) be a nontrivial connected simple graph. A subset of the vertex set L
is said to be a local resolving set, if L\{a} is still a resolving set for every a € L. The
minimum cardinality of the local resolving set is called the local metric dimension
of G. A local resolving set L of G is fault-tolerant resolving set if L\{g} is still a
local resolving set for each g € L, and the fault-tolerant local metric dimension of
G is the minimum cardinality of the fault-tolerant local resolving set of G. In this
paper, we determine the fault-tolerant local metric dimension of the tadpole graph,
necklace graph, and lollipop graph.

Keywords: Metric dimension, resolving set, local resolving set, local metric di-
mension, fault-tolerant metric dimension, fault-tolerant local metric dimension.
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ABSTRACT

Objective & Introduction: This study presents a finite element-based compu-
tational model to investigate interstitial fluid and nanoparticle transport in solid
tumors, aiming to improve nanodrug delivery strategies in cancer therapy. Tumor
heterogeneity, elevated interstitial fluid pressure (IFP), and abnormal vasculature
pose major challenges to effective drug transport, making a detailed understanding
of these dynamics essential.

Methodology: A three-region axisymmetric tumor model comprising a necrotic
core, viable tissue, and surrounding healthy region is developed. The model couples
steady-state interstitial fluid flow (Darcy’s law) with time-dependent nanoparticle
transport governed by convection—diffusion-reaction equations. Key physiological
processes such as necrotic core size, transvascular exchange, and nanoparticle size
are incorporated. Parametric studies explore the effects of two important physical
parameter: necrotic core and nanoparticle size on nanodrug distribution.

Results: IFP peaks in the necrotic core and declines toward the healthy region,
with a sharp drop at the viable healthy interface. A critical necrotic radius (0.9 cm)
is identified, beyond which IFP and fluid flow profiles begin to stabilize. Smaller
nanoparticles diffuse faster but are rapidly degraded, reducing their concentration
in the viable region. Larger nanoparticles diffuse slowly and tend to accumulate
near the injection site.

Clinical Importance & Conclusion: These findings highlight how tumor struc-
ture and nanoparticle properties affect drug delivery outcomes. The model provides
a valuable tool for optimizing nanodrug design, dosage, and injection strategies.
With further development such as integration of patient-specific data and hyper-
thermia dynamics it offers potential for personalized cancer treatment planning.

Keywords: Solid Tumor; Interstitial Fluid Flow; Solute Transport; Intratumoral
Injection; Critical Necrotic Radius; Mathematical Modeling.
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ABSTRACT

In this paper, we introduce the notion of Modified Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS) method for identifying alternative possible
insurance providers to solve the real-life insurance uncertainty. Hence, illustrate on
a real-life data set of various insurance providers available in the market and the
comparative analysis with existing TOPSIS methods.

Keywords: Decision making, TOPSIS, Entropy weights, Rank correlation, Mo-
tor insurance.
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ABSTRACT

In this paper we explore the n-normed spaces defined by the difference sequences
with respect of the sequence spaces ¢, ¢y and [,,. We have explained its different
algebraic and topological properties, We have also proved the geometric properties
of these sequence spaces. Some example will be discussed in this presentation.

10



NON-PARAMETRIC MACHINE LEARNING FOR
PREDICTING SOIL CARBON STORAGE: A
COMPARATIVE ANALYSIS OF ENSEMBLE METHODS

Hitabrata Chakraborty*, Prasenjit Sinha, Bimal Shil
Department of Statistics, Tripura University, Tripura, India, 799022
E-mail: chakrabortyhitabrata@gmail.com, drprasenjitsinha2012@gmail.com,
bimalshil738@gmail.com
*Correspondence: chakrabortyhitabrata@gmail.com

ABSTRACT

Soil carbon storage is important factor to our environmental sustainability but esti-
mating it correctly is a difficult task because there are intricate relationships between
soil attributes, climate variables, urbanisation land uses and geospatial variables.
This study examines the possibility of non-parametric machine learning models for
the predication of Total Organic Carbon (TOC) in soil. We trained and compared
four Machine Learning Models - Random Forest (RF) Model, Multilayer Percep-
tron (MLP) Model, K-Nearest Neighbours (KNN) and Gradient Boosting Machines
(GBM) — on a dataset containing soil physicochemical characteristics, climate vari-
ables and urbanisation indicators. The performance of the four models was com-
pared on the basis of Root Mean Square Error (RMSE). The finding indicates that
GBM performed best, recording the minimum test RMSE of 1.190, whereas KNN
records the maximum error 1.649. The results demonstrate the power of ensemble
approaches to soil carbon predication, offering a strong, data driven tool for envi-
ronment monitoring and land management. Further research will investigate Deep
Learning methods and other Geospatial data to further improve predication accu-
racy.

Keywords: Random Forest, Multilayer Perceptron, K-Nearest Neighbours, Gra-
dient Boosting Machines and Statistical Analysis.
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ABSTRACT

This paper introduces the concept of almost convergence for sequences of func-
tions with respect to a scale function. We examine foundational properties such as
linearity and completeness, and define the classes of relatively almost convergent,
relatively null, and relatively bounded sequences of functions. In addition, we ex-
plore various topological aspects of the space, including convexity, local convexity,
strict convexity, separability, and symmetry.

Keywords: convergence, relative, scale function, sequence.
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ABSTRACT

The purpose of this proposed work is a coupled chemo-mechanical model of the inva-
sion of the tumour cells to the host tissue to predict the generated stress field. In the
invasion process, the growth of tumour cells, degradation of the extracellular matrix
(host tissue), and production of degradation-enzyme are considered through well-
established diffusion-type Partial Differential Equations (PDEs). A multiplicative
decomposition-based framework is adopted to model the growth kinematics, and
a Blatz-Ko-type nonlinear hyperelastic strain energy function is considered. The
tumour generates mechanical stresses within itself and on the surroundings during
the growth. A coupled Boundary Value Problem (BVP) is initiated by considering
mechanical and chemical field equations to understand these bio-forces.

Keywords: Tumor growth, chemo-mechanical coupling, Blatz-Ko hyperelastic model,
numerical simulation.
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ABSTRACT

In a practical scenario, the information in a mass of data is summarized by calcu-
lating the values of a relatively small number of parameters. In many cases, these
parameters specify a probability density function (PDF) which is said to be a model
for the data. Since the same PDF can be specified by many different sets of parame-
ters, it is crucial to determine whether two given PDF's correspond to almost similar
models for the data, or they are completely different. The comparison between two
PDFs can be done with the help of the Fisher-Rao metric induced on the natural
Riemannian manifold generated by the log-likelihood of the conditional PDF. We
show that, although the Fisher-Rao distance for a Gaussian distribution remains
invariant under any congruence transformation GL(2n, ), the congruence transfor-
mation may affect the correlations between observables for a continuous variable
system. As a model system, we restrict ourselves to the quantum system with a
Gaussian distribution, and we take nonsymplectic transformation in phase-space of
observables.
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bution; Quantum information geometry.
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ABSTRACT

The issue of comparing two or more treatments in the presence of single or multi-
ple co-variates is a pivotal concern across various research domains. While various
studies have explored optimal treatment allocation under completely randomized
designs with regard to D— and A—optimality criteria but only few have addressed
this challenge within a blocked framework. Addressing this problem, authors have
developed an efficient, computationally tractable iterative search algorithm under
the block design setup. This article extends the work by adapting the algorithm for
the construction of Balanced Incomplete Block Designs (BIBDs). The primary ob-
jective of this study is to construct the Balanced Incomplete Block Designs (BIBDs)
by the proposed Variable Constrained Neighborhood Search (VCNS) algorithm and
assess the efficacy of the proposed VCNS algorithm with existing algorithms. The
key contribution of this research lies in the extension of the previously developed
VCNS algorithm to the domain of BIBD construction by offering a new computa-
tional tool that maintains competitive performance while reducing computational
demands. This contribution adds value to the existing literature by bridging gaps
in efficient design methodologies for treatment comparisons.

Keywords:Incomplete Block Design, Iterative Search, Near-optimal Allocation De-
sign, Mathematical Programming, Computational Method.
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ABSTRACT

This paper extends the classical Tauberian theorems to the context of bi-complex
number spaces. We establish new characterizations for Cesaro summable sequences
in the bi-complex plane and derive corresponding Tauberian conditions that ensure
the convergence of such sequences. Our approach utilizes the idempotent represen-
tation of bi-complex numbers and develops novel techniques to handle the specific
algebraic structure of this hypercomplex number system. These results generalize
the existing theory of Cesaro summability and open new avenues for applications in
hypercomplex analysis and related fields.

Keywords:bi-complex number spaces, Cesaro summable sequences, hypercom-
plex analysis, Tauberian theorems.

MSC(AMS-2020): 40E05, 40G05, 40B05, 30G35
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ABSTRACT

To explore the effects of variation in the capability of plants to absorb atmospheric
carbon dioxide (C'Os), a nonlinear mathematical model is proposed here. The model
is developed under the presumption that capability of plants to inhale/store C'Oy
varies plantwise. Primarily, whole plant population is divided into two categories
for the analysis. Qualitative analysis for boundedness of solutions, existence, and
stability of equilibrium points, along with permanence of the model system is carried
out. The model analysis reveals that increasing the growth rate of plants, whose
capability to absorb atmospheric C'Os is more, depleted C'Oy more rapidly as com-
pared to other ones, and if we increase harvesting rate coefficient, the concentration
of C'Os increases accordingly. Numerical simulations are performed to support and
interpret the analytical results. Finally, the plant population is categorized in n-
parts and model is generalized to better understand the dynamics of the ecosystem.

Keywords: Plants Population, Absorption Capability, Carbon Dioxide, Logistic
Growth, Persistence, Stability.
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ABSTRACT

In this article, we report the existence of periodic structures viz., Arnold tongues,
and shrimp-shaped structures within the irregular regimes of the parameter plane of
a discrete-time predator-prey model. The model is constructed by taking into con-
sideration of two biological phenomena: prey refuge and fear of predation risk. We
analyze the system theoretically by performing stability analysis of the biologically
feasible fixed points and studying some local bifurcations. The complex dynamical
behaviors of the model are explored in the parameter planes with the help of largest
Lyapunov exponent and isoperiodic diagrams. We see the presence of a completely
new kind of U-shaped periodic structure in the parameter plane. Also, the transition
to chaos occurs through the period-bubbling process. We identify the coexistence
of triple heterogeneous attractors. The basins of attraction of these coexisting at-
tractors are drawn, and we observe the presence of Wada basin boundary. Our
study reveal that the oscillations of the predator-prey populations in certain control
parameter regions are highly dependent upon the initial population densities of the
interacting species.

Keywords: Fear effect, Prey refuge, Parameter plane, Arnold tongues, Multiple
attractors, Wada basin.
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ABSTRACT

The present work investigates the internal hydraulic jump in stratified gas-liquid
two-phase flow where incoming liquid is in supercritical state (Froude number greater
than unity). The flow is considered to occur in countercurrent configuration through
closed channels where flooding phenomenon is prominent. High-fidelity numerical
simulation based on computational fluid dynamics (CFD) algorithm, using freely
available software GERRIS, is employed to analyze complex yet fascinating dynam-
ics of multiphase flow in the vicinity of internal hydraulic jump, where analytical
approaches encounter singularities. Computational simulations reveal that the for-
mation of oscillatory jumps of high strength triggers flooding in countercurrent flow.
The onset of flooding is computationally modeled by tracking the evolution of inter-
facial waves using volume of fluid method coupled with height function technique.
The velocity distributions obtained from the simulation are analyzed which indicates
flow reversal in the liquid phase near the interface. This work demonstrates the ne-
cessity of numerical simulations to capture the nonlinear mechanisms underpinning
flooding in countercurrent flow.

Keywords: Computational fluid dynamics, internal hydraulic jump, flooding, gas-
liquid flow.
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ABSTRACT

Abstract: When we transform an initial value problem into an integral equation,
Volterra integral equations form. Compared to the starting value problem, the
Volterra integral equation is much simpler to solve as a significant subclass of inte-
gral equations, numerous academics and mathematicians focus on Volterra integral
equations to provide approximate or precise solutions. Recently, mathematics sci-
entists have turned their attention to using the integral transform to solve issues
in a variety of scientific domains, including engineering and mathematical sciences.
The fundamental problem is reduced to a simpler algebraic equation using the com-
plex transform. This paper utilizes the complex Sadik transform to track down the
specific answer for the second kind of linear Volterra integrodifferential equation.
After that, the solution to this fundamental problem can be found by solving this
equation and using the complex Sadik transform’s inverse. Through real-world ex-
amples, complex Sadik integral transform’s effectiveness and capacity to deliver a
precise solution with the least number of calculations are shown.

Keywords:Complex Sadik integral transform, inverse complex Sadik integral trans-
form, volterra Integral equation of second kind.

20



EXPONENTIAL STABILITY OF VISCOELASTIC
MATERIALS COUPLED WITH A THERMAL EFFECT

Srikanta Ram* and Ganesh C Gorain

Department of Mathematics
Sidho-Kanho-Birsha University, Purulia-723104, India
srikanta@skbu.ac.in Department of Mathematics

J.K.College, Purulia-723104, India
goraing@gmail.com
*Corresponding Author: srikanta@skbu.ac.in

ABSTRACT

We study the vibrations of an inhomogeneous viscoelastic materials of Kelvin-Voight
type coupled with a heat conduction governed by a simple modification of Catta-
neo’s law. The well-posedness of the system is shown using the semigroup theory.
The uniform stabilization of the system is established by means of an explicit from of
exponential energy decay estimate with the help of a suitable Lyapunov functional
of the system.

Keywords: Cattaneo’s law; Exponential stability; Lyapunov functional; Inhomo-
geneous flexible structure.
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ABSTRACT

This study introduces an innovative application of traditional directional statistics to
capture the cross-correlation of asset volatility within financial networks. The newly
developed Circular Volatility Model (CVM) serves as a comprehensive framework
for analyzing the interdependencies among financial assets whose returns follow peri-
odic patterns. By integrating classical volatility models into a circular paradigm, the
study unveils fresh insights into the cyclical nature of market dynamics. Grounded in
fundamental principles of directional statistics, the model employs von Mises distri-
butions for parameter estimation and introduces novel circular covariance structures.
The paper presents formal derivations, maximum likelihood estimation procedures,
and a unique goodness-of-fit testing approach tailored for this circular model. The
proposed methodologies are validated through extensive simulation studies.

Keywords: Circular Volatility Model, Von Mises distribution Financial networks,
Volatility modeling, Maximum Likelihood Estimation (MLE).
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ABSTRACT

This paper presents an efficient approximation scheme utilizing orthonormal poly-
nomial wavelets for solving singular integral equations with Cauchy kernels over a
finite interval. By employing the Galerkin method, the proposed approach trans-
forms the original singular integral equation into a system of algebraic equations
involving the unknown coefficients of the wavelet basis functions. The orthonormal
polynomial wavelets offer excellent localization properties, improving computational
efficiency and solution accuracy. The performance and convergence of the method
are demonstrated through numerical examples, highlighting its capability to effec-
tively handle singularities inherent in Cauchy kernel-based equations.

Keywords: Tumor growth, chemo-mechanical coupling, Blatz-Ko hyperelastic model,
numerical simulation.
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ABSTRACT

The present research work investigates a two-dimensional continuous-time predator-
prey model that includes a density-dependent predator mortality factor influenced
by a double Allee effect. The model is analyzed both analytically and numerically,
with emphasis on how the Allee effect and density-dependent mortality influence
the system dynamics. The findings indicate the potential for bi-stability, where
two stable states coexist, and even tri-stability, marked by two stable coexistence
equilibria and a stable predator-free state. The study also delves into ecological
phenomena such as bubbling and hydra effects, which emerge due to the double
Allee effect. Bubbling cycles, showing alternating amplitude growth and decline,
are explored in detail. Local bifurcations are systematically identified through one-
and two-parameter bifurcation diagrams. A sensitivity analysis assesses the impact
of key parameters on species biomass balance. Numerical simulations also reveal a
variety of bifurcation structures. In the growth of predators, the Allee effect pa-
rameter functions as a control parameter that may induce or suppress oscillations.
Ultimately, this work introduces a novel temporal framework capturing both bub-
bling and hydra effects, offering new insights into the dynamics of ecological systems
influenced by double Allee effect.

Keywords: Computational biology, Stability and bifurcation, Hydra effect, Sen-
sitivity analysis.
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ABSTRACT

This research explores the unsteady mixed convection of non-axisymmetric Homann
stagnation point flow and its heat transfer characteristics for an incompressible vis-
cous fluid over a rigid plate, while accounting for a time-varying free stream. By em-
ploying an appropriate similarity transformation, the governing partial differential
equations are converted into a system of nonlinear ordinary differential equations
with defined boundary conditions. The fourth-order Runge-Kutta method is uti-
lized to numerically solve these equations via a shooting technique. The similarity
solution contains the important physical dimensionless parameters like the shear to
strain rate parameter y(y = %), where a and b are the strain rate and shear rate
of the stagnation point flow respectively), mixed convection parameter A and the
unsteady parameter w. First, we have investigated the case for forced convection
(A = 0) , which emerges from the singularity at v = £+1 and in that case, we can
say that the unsteady parameter w affects the behavior of the solution. The in-
vestigation focuses on the numerical and asymptotic solutions for large v, A and w.
We found that, in the case of large v and large A, the leading term of the solutions
remain unaffected by the unsteady parameter w.

Keywords: Mixed convection, Stagnation point flow, Buoyancy forces, forced con-
vection
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ABSTRACT

The article deals with similarity measures on single-valued neutrosophic sets (SVNS),
which are generalizations of fuzzy and intuitionistic fuzzy sets having three compo-
nents of membership: truth (T), indeterminacy (I), and falsity (F). Three mea-
sures were considered in this article viz - Jaccard, Cosine and Euclidean-Based
Normalized, satisfying circumstances under uncertainty, inconsistency, and indeci-
sion, where neutrosophic sets can be very much suitable for real-world scenarios like
medical diagnosis and multi-criteria decision-making. The article discusses about
the major drawbacks of classical indices such as Jaccard and cosine similarity, which
overlook finer differences especially in indeterminacy and falsity components. By fo-
cusing on all three components equally, one achieves a very balanced, interpretable
evaluation of similarity. The measure was applied to synthetic diagnostic data on 20
Type 2 diabetic patients to prove its efficiency. The results state that the traditional
measures, in fact, render high similarity scores almost all the time, irrespective of
significant level changes. On the other side, the Euclidean-Based Normalized mea-
surement, in this paper captures subtle differences that mostly come into play with
minute shifts in indeterminacy ignored by other forms discussed in this article. The
study indeed highlights the necessity to look into better similarity measures in neu-
trosophic scenarios and offers a solid and applicable approach for researchers and
practitioners. Future work will explore extending this approach to interval and
multi-valued neutrosophic sets and embedding it in an intelligent decision-support
system.

Keywords:Neutrosophic Sets, Similarity Measure, Uncertainty Modeling, Medical
Diagnosis, Decision-Making Systems.
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ABSTRACT

This study uses a microneedle (MN) array to conduct a detailed analytical analysis
of transdermal medication administration. Prior to being absorbed in the blood
compartment, the medication released from the MN tip diffuses throughout the
viable skin. The reversible specific drug binding with its receptors in the tissue
compartment as well as the reversible uptake kinetics between the blood and tis-
sue compartments have been considered. Analytical solutions are found for the
governing equations. Simulations demonstrate that selective binding, irreversible
absorption, and metabolism in live skin stabilise the concentrations of both free and
bound verapamil. The effect of metabolism on viable skin cannot be ruled out in the
current study. Optimising the design of the MN array requires precise determination
of the effects of numerous aspects, such as the length of the MN, the area of the
skin-blood interface, and the different transport characteristics of drug-using MNs.
Our results are in good agreement with recent findings reported in the literature.
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ABSTRACT

In this paper, we develop the concept of the generalized n-dual within the framework
of uncertainty normed spaces. Using an uncertainty measure in the sense of Liu,
we extend classical duality notions to spaces of uncertain functions. The uncertain
n-dual is defined via an integral-based norm, generalizing the LP-norm structure.
We establish key properties such as linearity, boundedness, and dual inclusion, and
illustrate these with examples. This study contributes to the foundational theory of
duals in uncertainty theory and opens avenues for further applications in complex
uncertain sequence spaces.
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ABSTRACT

Let G = (V, E) be a connected graph, a resolving set S C V', such that for every
pair of distinct vertices x,y € V, there exists at least a vertex w € S such that
d(x,w) # d(y,w). A metric basis is a minimum cardinality of a resolving set. The
cardinality of the metric basis is called the metric dimension, denoted by dim/(G).
In this article, we have introduced a new variant of metric dimension known as the
s-vertex metric dimension and studied their properties for basic graph families.

Keywords: Resolving set; metric dimension; metric basis; s-vertex metric di-
mension.
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ABSTRACT

Let R be a commutative ring with unity 1, and let G(V, E) be a simple, con-
nected, nontrivial graph. The zero-divisor graph of a ring R is denoted by I'(R)) =
(V(I(R)), E(I'(R))), where the vertex set V(I'(R)) consists of all the non-zero zero-
divisors of R, and the edge set E(I'(R))), is defined as follows: E(I'(R))) = {@Q =
pipep1p2|p1-p2 = 0}and py,pa € V(T'R))}. The barycentric subdivision of a graph
I' is the process of subdividing each edge by inserting a new vertex in the graph I'.
We are interested in finding the fault-tolerant metric dimension of the barycentric
Subdivision of the zero-divisor graph I'(z,)for ¢ > 2p — 1, which is denoted by
fdim(BS(I'(Z,))). Additionally, we aim to prove that fdim(BS(I'(Z,))) > q¢—1

for every n = pq, where p and ¢ are distinct primes and ¢ > p.

Keywords: Zero divisor graph; barycentric subdivision; resolving set; metric basis;
fault-tolerant metric dimension.
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ABSTRACT

In this paper, we derive fixed point results in orthogonal metric spaces based on the
concept of an almost generalized F'-contraction on the orthogonal sets. Our results
extend numerous recent findings. Additionally, we provide an application related to
second order differential equations to analyze the dynamics of a spring.
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ABSTRACT

In today’s digital age, the widespread use of electronic devices has significantly
shifted consumer behaviour toward online shopping. Consequently, manufacturers
are increasingly considering the integration of online platforms alongside their tra-
ditional retail channels. Retailers now offer services to compete with customers’
growing preference for online markets. Demand rates are modelled as linear func-
tions of selling prices (both retail and online), green level and the level of retail
service. This study investigates a centralized model and decentralized models using
both analytical and numerical approaches to determine optimal outcomes. Addi-
tionally, a sensitivity analysis examines the impact of essential parameters. The
insights gained from this research are valuable for supply chain members. For in-
stance, if the cost coefficient of retail service can be reduced, it leads to an increase
in the optimal level of service and the overall profits for all members.
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ABSTRACT

Effective ranking of alternatives in multi-criteria decision-making (MCDM) prob-
lems is vital across disciplines such as engineering, economics, and the social sciences.
This study employs two well-established MCDM techniques—TOPSIS (Technique
for Order Preference by Similarity to Ideal Solution) and VIKOR (VlseKriterijum-
ska Optimizacija I Kompromisno Resenje)—to assess the drinking water quality at
27 railway stations in Tripura, India. A total of 13 water quality parameters were
initially considered; however, Principal Component Analysis (PCA) revealed that
only 5 parameters, were statistically significant. These 5 key parameters were sub-
sequently used for ranking the railway stations through both TOPSIS and VIKOR
methods. To evaluate the consistency between the two ranking methods, Spearman’s
rank correlation coefficient was calculated and found to be close to zero, indicating a
lack of correlation. In response to this discrepancy, a new approach—Robust Rank-
ing Method (RRM)—is proposed. RRM integrates the 5 significant parameters
using a linear combination, with PCA-derived eigenvalues as weights, to provide a
more stable and interpretable ranking of drinking water quality across the stations.
The proposed methodology offers a novel and reliable framework for environmental
quality assessment in multi-criteria contexts.
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(SDG)s, Multi-Criteria-Decision-Making Problems.
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ABSTRACT

The tournamenting process has emerged as an effective strategy for developing hy-
brid metaheuristic algorithms in recent years. In this study, four novel hybrid al-
gorithms are formulated using a tournament-based approach, integrating four well-
established metaheuristics: Teaching-Learning-Based Optimization (TLBO), Em-
bedded Cuckoo Search (ECS), Social Group Optimization (SGO), and Honey Bad-
ger Algorithm (HBA). The resulting algorithms T1-TLBO, T1-ECS, T1-SGO,
and T1-HBA are applied to solve structural optimization problems. The perfor-
mance of the proposed methods is evaluated through numerical comparisons against
several state-of-the-art metaheuristic algorithms. Additionally, to assess the statis-
tical significance of the results, two nonparametric statistical tests (e.g., Wilcoxon
rank-sum and Friedman tests) are conducted. The findings demonstrate the efficacy
of the tournament-based hybridization approach, providing valuable insights into
algorithm selection for structural optimization problems.
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ABSTRACT

Breast Cancer is one of the most common forms of cancer in women. According
to the World Cancer Report breast cancer accounts for about 22.9% of diagnosed
cancers and 13.7% of cancer related deaths. Presently screening mammogram is the
most frequently used non-invasive imaging technique for early detection of cancer-
ous lumps. The lumps present in the breast can be broadly divided into two kinds-
one which is cancerous (malignant) and the other which is non-cancerous (benign).
To address this public health issue, the study examines the performance of different
machine learning algorithms for data classification. The purpose of this study is to
discuss the accuracy and efficiency of predicting the occurrence of breast cancer in
individuals based on input variables which can be used as a diagnostic aid by the
medical community:.
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ABSTRACT

This study presents a mathematical model of a prey-predator system in which a
contagious disease affects only the prey population. The predator-prey interaction
is described using a generalized Holling type II functional response that incorporates
mutual interference among predators. The model also includes a nonlinear harvest-
ing term applied to the predator population. We perform a comprehensive analytical
investigation, establishing the positivity and boundedness of solutions, and explore
both local and global stability of the system’s equilibria. Numerical simulations
are conducted to support the analytical results, revealing the presence of Hopf bi-
furcation. The analysis highlights the significant influence of mutual interference
and harvesting strategies on the system’s dynamic behavior and the transmission of
disease within the prey population.

Keywords: Eco-epidemic model, Mutual interference, Harvesting, Stability analy-
sis, Hopf-bifurcation.
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ABSTRACT

In this article, we introduce and study a generalized Cayley variational inclusion
problem incorporating XOR and XNOR operations. We establish an equivalent
fixed-point formulation and demonstrate the Lipschitz continuity of the generalized
Cayley approximation operator. Furthermore, we analyze the existence and conver-
gence of the proposed problem using an implicit iterative algorithm. The iterative
algorithm and numerical results presented in this study significantly enhance pre-
viously known findings in this domain. Finally, a numerical result is provided to
support our main result and validate the proposed algorithm using MATLAB pro-
gramming.

Keywords: Algorithm; Numerical result; Resolvent operator; XOR and XNOR
operations; Cayley approximation operator.
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ABSTRACT

Let (X, d) be a metric space and C'L(X) be the collection of all nonempty closed
subsets of X. Then {(d-,A : A € CL(X)} denotes the collection of all distance
functionals on (X, d). We equipped the collection {(d-, A : A € CL(X)} with the
topology of uniform convergence on the member of a bornology S on (X, d). Since
CL(X) have a natural embedding with {(d-,A: A € CL(X)}, we get a new hyper-
space topology, denoted by 754 on C'L(X). In particular cases, it reduces to some
popular hyperspace topologies such as Wijsamn, Attouch-Wets, and Hausdorff met-
ric topologies. As customary to hyperspaces, 7s4 can be decomposed into upper
and lower topologies. For more on 7g 4, refer [1,2,3]. In this talk, our main aim is
to look for the conditions under which the upper topology 7'; 4 becomes invariant
under a remetrization of the underlying space. To see this, we first talk of some
existing results. Following, we introduce a new covering property of bornology S
which characterizes the invariance of topology 7'; 4 under a remetrizaton.

Keywords: Wijsman topology, Attouch-Wets topology, Hausdorff metric topol-
ogy, Bornology.
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ABSTRACT

This study generalizes a novel concept of convergence for sequences of functions
derived under the context of topological spaces. The investigation begins with the
introduction of two new operators, O;(x) and O]f(m), which are designed to analyse the
local behaviour of a sequence of function <fn(z)> that converges around a point
f(z) within a neighbourhood structure. Several key properties of these operators
are discovered. Using these properties, the study introduces a new way to define
statistical convergence for sequences of functions in topological spaces included with
some new definition, theorems and counterexamples.

Keywords: Sequence of function, Statistical convergence, Statistical limit of se-
quence of function, Pointwise convergence.
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ABSTRACT

This paper explores the concept of statistical convergence with respect to topological
neighbourhoods for sequences of subsets in a topological space (X, 7). We investigate
various properties related to this notion, establishing several theorems and provid-
ing counterexamples to illustrate the limitations of the theory. Furthermore, we
apply the dp-intersection property of statistically compact spaces to these sequences
of subsets, demonstrating its relevance and implications within this framework.

Keywords: Statistical convergence, sequence of sets, Neighbourhood convergence.
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ABSTRACT

Superhypersoft sets (SHSS) represent an advanced extension of soft sets and hyper-
soft sets, designed to address complex multi-parameterized decision-making prob-
lems in uncertain environments. This study explores the foundational theories of
soft set and hypersoft set models, leading to the formulation of SHSS as a more
generalized and flexible framework for managing intricate data structures. We de-
fine key operations and properties of SHSS and establish their basic algebraic laws.
The findings show that SHSS improves the mathematical abilities of existing soft
set models by adding more structural complexity, which makes them suitable for
complicated classification and decision-support systems. Even with such potential,
SHSS is still a relatively new field with many undiscovered research possibilities, such
as formalization of basic operations, discussion of basic algebraic laws, algorithmic
implementations and real-world applications in different fields. This study inspires
more developments in soft set theory and uncertainty modeling by establishing the
foundation for future research into the theoretical and applied aspects of SHSS.

Keywords: Soft set, Hypersoft set, Superhypersoft set.
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ABSTRACT

This research introduces an innovative concept known as “neutrosophic fuzzy rect-
angular metric space,” which enhances the conventional metric space framework by
integrating the idea of neutrosophic fuzzy sets. A comprehensive study has been
carried out on various structural and topological characteristics within this newly
formulated generalization of metric space. We propose fixed point theorems related
to nonlinear contractions, located within the intricate framework of neutrosophic
fuzzy neutrosophic metric spaces. Additionally, we demonstrate several fixed point
results that are relevant to this particular context.

Keywords: Fixed point, Neutrosophic fuzzy metric space, Nonlinear contractions,
Neutrosophic fuzzy rectangular metric space.
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ABSTRACT

In this study, the propagation behavior of shear-horizontal (SH) waves in a tri-
layered smart composite structure including a piezoelectric fiber-reinforced compos-
ite (PFRC) core, flanked by a fiber-reinforced composite (FRC) layer and a piezo-
electric layer is investigated. A major development of this study is the addition of
imperfect interfacial effects, providing a more realistic model of multilayered com-
posite systems. Analytically generated and numerically investigated, the dispersion
relation for SH waves is obtained by stating the governing equations and using suit-
able boundary conditions. The impacts of interfacial bonding parameters and layer
thickness ratios on SH wave phase velocity are investigated in depth parametrically.
Results show that wave propagation is highly influenced by interfacial properties
and geometric configurations, therefore stressing important design issues for uses
in structural health monitoring, energy harvesting, and non-destructive evaluation.
For advanced multilayer composite systems, our study offers a unique analytical
structure and insightful design ideas.

Keywords: SH-wave propagation, Fiber-reinforced composite (FRC), Piezoelec-
tric fiber-reinforced composite (PFRC), Piezoelectric layer, Wave speed.
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ABSTRACT

In this article, we have studied the Super Hyper Graphs and extended the existing
results by incorporating various Operations, Axioms, and functions in Super Hyper
Graphs. We also define different types of matrix on neutrosophic Super Hyper Con-
nected Graphs. We also explain the Super Hyper Graph theory by various examples.
It explores extensions like Single-Valued Neutrosophic and Plithogenic Quasi Super
Hyper Graphs and their relationships with other graph classes. Furthermore, we
discuss the existing results with some suitable examples.

Keywords: Graphs; Neutrosophic Graph; Super Hyper Graph; Connected Graphs;
Path Matrix.
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ABSTRACT

In this paper, we introduce the concept of 7,7 , n-star-I-compact space in an
ideal bispace and study some of its topological properties. A countably I-compact
space is of 1y, 7o, 2-star-I-compact. Real valued continuous mapping on 71, 7o n-star-
I'tin-compact is bounded. Finally, we establish relation between weakly 7, 72-star-
compact space and 71, To-star-I-compact space.

Keywords: Ideal space, Star compact space, weakly star compact.
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ABSTRACT

This study presents an analytical solution for the two-dimensional concentration
distribution of a pollutant in a channel with prismatic cross-section and an asym-
metric velocity profile. The transport process is influenced by reversible adsorption-
desorption, irreversible inhomogeneous reactions at the channel boundaries, and
homogeneous reaction within the fluid. Using Mei’s homogenization technique, the
transverse concentration distribution is derived up to the second-order approxima-
tion. The effects of velocity distribution parameters ( and ), adsorption, desorp-
tion, inhomogeneous, and homogeneous reaction rate on both mean and transverse
concentrations are analyzed. Results show that increasing o and [ intensifies the
velocity profile producing a sharper profile when @ = 8 and a more skewed one when
a # (B leading to increased shear and dispersion. The dispersion coefficient DT ex-
hibits non-monotonic behaviour with respect to these parameters, while mean con-
centration consistently declines. Higher inhomogeneous and inhomogeneous reaction
rates significantly suppress transverse concentration, whereas greater adsorption or
desorption increase it. Increased adsorption-desorption intensifies transverse con-
centration variation in both symmetric and asymmetric cases; however, persistent
non-uniformity arises when a # (3, whereas symmetry (a = () promotes uniform
concentration distribution over time. These findings are essential for pollution mit-
igation and improving water quality in natural channels.
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ABSTRACT

This study presents a numerical investigation of thermosolutal convection in a baf-
fled U-shaped porous enclosure filled with a ternary hybrid nanofluid under the
influence of thermal radiation. The ternary hybrid nanofluid, composed of three
distinct nanoparticles (A1203, CuO, Ag) suspended in a base fluid, is employed
to enhance both heat and mass transfer characteristics. The influence of thermal
radiation is incorporated using the Rosseland approximation, capturing radiative
heat flux contributions at elevated temperatures. The bottom wall is maintained at
a high temperature and high concentration, while the vertical walls are kept at a
low temperature and low concentration. The remaining walls are impermeable and
adiabatic. Additionally, two cooled baffles are installed at the bottom corners of the
groove in the U-shaped porous enclosure. The governing Navier-Stokes equations,
along with temperature and concentration equations are solved by using a Higher
Order Compact (HOC) scheme. This work delves into the effects of several key
parameters, including the Lewis number, aspect ratio, buoyancy ratio, Darcy num-
ber, Rayleigh number, radiation parameter, and solid particle concentration of the
trihybrid nanofluid. The findings emphasize the superior efficacy of uniform heating
over non-uniform heating concerning double diffusion.

Keywords: U-shaped cavity, Baffle, Ternary hybrid nanofluid, Heat and mass
transfer, Thermal radiation, Uniform and non-uniform heating.
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ABSTRACT

To begin with, we assume that the reader is already familiar with the standard
definitions and terminology of value distribution theory. For some a € C, we denote
by E(a; f) the collection of the zeros of f—a, where a zero is counted according to its
multiplicity. In addition to this, when a = oo, the above definition implies that we
are considering the poles. In the same manner, by E(a; f), we denote the collection
of the distinct zeros or poles of f —a according as a € C or a = oo, respectively. For
any two non-constant meromorphic functions f and g, if E(a; f) = E(a;g) (resp.

E(a; f) = E(a;g)), we say that f and g share the value a CM (IM). If a = a(2) is
a small function, we define that f and ¢ share a CM or a IM according as f — a
and g — a share 0 CM or 0 IM, respectively. For a € CU {oc}, if E(a; f) C E(a;9)
then we say that f and g partially share the value a CM. For two distinct complex
numbers ai, as, if f — a; and g — ay have the same zeros with same multiplicities
(or ignoring multiplicities), we say that f and g share a pair (a;,a2) CM (IM).

In this paper, we establish a number of uniqueness results in the context of
entire and meromorphic functions, their shifts, and derivatives that share two small
functions under various sharing notions. Our results relax the sharing conditions
from a recent work by Huang and Fang [?], thereby extending and refining their
findings. Notably, one of our results introduces the concept of partial sharing of
paired small functions, a completely new notion that has not been previously used,
making our result unique in this regard.
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ABSTRACT

This paper investigates the propagation of Love waves in an orthotropic elastic
medium under initial stress, situated over an initially stressed heterogeneous half-
space. The study focuses on the effects of both material anisotropy and pre-existing
stresses on wave behavior. A dispersion equation for the Love wave is analytically
derived, taking into account the influence of initial stress and inhomogeneity in the
half-space. The velocity of Love waves is computed numerically as a function of the
non-dimensional parameter kH, where k is the wave number and H is the thickness
of the upper layer. The results are illustrated through multiple graphs to visual-
ize how wave velocity varies with respect to kH. To further examine the influence
of inhomogeneity and initial stress, additional figures depict the variation in SH-
wave velocity for different parameter values. The numerical analysis reveals that
the Love wave velocity generally decreases as the non-dimensional wave number in-
creases. This indicates that both the initial stress and the degree of heterogeneity
in the medium significantly affect wave propagation characteristics. These findings
provide insights into the dynamic behavior of layered stressed media and may be
useful in geophysical and engineering applications involving seismic wave analysis.

Keywords: Love waves, initial stress, orthotropic medium, heterogeneous half-
space, dispersion equation, phase velocity.
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ABSTRACT

In this work, a mathematical model of drug delivery into tumour tissues along with
the application of electroporation is presented. It is an application of an electric
field, where drug particles enter from the exterior cell into the interior compart-
ment of the cell through the permeabilized cell mem- brane. For the treatment of
tumour tissues, some chemotherapeutic drugs (fluorouracil, carmustine, cisplatin,
methotrexate, doxorubicin, and Paclitaxel) are analyzed. A set of differential equa-
tions are taken to represent the physical environment of the model. A mass transport
coefficient (MTC) as a function of pore density is proposed to describe mass flow in
the tissue domain. The governing equations are solved numerically using the finite
difference method (FDM). By the numerical solution, we have recognized the elec-
troporation parameters in such a way that there is no unwanted cell damage and we
can find the appropriate drug among the six chemotherapeutic drugs taken for the
treatment of brain tumour. The numerical results are analyzed through a graphical
representation. It is observed that the fluorouracil is the appropriate choice of drug
for the treatment of brain tumour.

Keywords: Mathematical Modelling; Drug Delivery; Numerical Simulation; Brain
Tumour; Chemotherapeutic Drugs; Electroporation.
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ABSTRACT

The onset of convection in a trapezoidal thermal system saturated with a HyO-based
Ag-MgO (50%—50%) binary hybrid nanofluid is investigated via streamfunction—
vorticity (¢—() analysis and numerical simulation. A uniformly heated block is
positioned in the middle of the trapezoidal system. The block is considered in three
different sizes, measured by aspect ratios of 25%, 50%, and 75% of the trapezium
height. The flow transport in the domain is magnetically controlled. The governing
equations are solved using a fourth-order accurate compact finite difference scheme,
which captures flow physics on low computational grids with high spatial resolution.

The novelty of this work lies in five key areas: the role of hybrid nanofluids, the
geometrical effects of the trapezoidal cavity, the influence of heated block aspect
ratios (0.25 < AS < 0.75), the interaction with applied magnetic fields, and the im-
plementation of higher-order compact computational techniques over a wide range
of parameters. Quantitatively, the maximum heat transfer enhancement is achieved
at AS = 0.75 and v = 750, with corresponding increases in average Nusselt number
(Nu) ranging from 9.5% to 34.12% at Ra = 10%, 8.43% to 29.78% at Ra = 10°, and
7.27% to 35.21% at Ra = 10°. The results reveal that the heated block significantly
alters the thermal and flow structure, especially under higher Rayleigh numbers and
inclined boundary configurations. These outcomes offer promising implications for
real-world applications requiring efficient thermal management within confined en-
closures.

Keywords: Heated block; Hybrid nanoliquid; Convection; Trapezium cavity; Com-
pact scheme.
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ABSTRACT

Ensuring balanced allocation by achieving optimality for known categorical covari-
ates into two treatment groups has been analytically established with regard to D-,
A-) Ds-, and As-optimality in Hore et al. (2020), and for E- and Es-optimality by
the authors. However, the mathematical complexity of the respective optimality
function expressions and computations increases with the number of treatments.

In this work, the relationship between D-optimality and balancing criteria for
known categorical covariates across three treatment groups is established through
analytical derivation and simulation studies. It has been shown that D-optimality
ensures a balanced allocation design, at least as a local optimal solution. Further-
more, simulation studies demonstrate that the balanced allocation design performs
uniformly better than random allocation designs.

Keywords: Covariate Balanced, Optimal Allocation Design, Clinical Trials, Lo-
cal Optimality, Randomization.
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ABSTRACT

The effective integration of Educational Management (EM) and Pedagogy is paramount
for fostering optimal learning environments and achieving desired educational out-
comes. However, Decision-Making (DM) processes in this complex interplay of-
ten grapple with uncertainty, vagueness, and conflicting information. This article
proposes a novel framework leveraging Neutrosophic Set (NS) theory to address
these challenges. By representing the degrees of truth-membership, indeterminacy-
membership and falsity-membership associated with various factors influencing the
management-pedagogy nexus, this study develops a Multi-Criteria Decision-Making
(MCDM) model in the context of NS, which enables a more nuanced and robust
evaluation of strategies aimed at bridging the gap between administrative functions
and instructional practices, ultimately contributing to improved educational qual-
ity. A hypothetical case study is also presented to illustrate the applicability and
effectiveness of the proposed MCDM framework.

Keywords: Educational Management; Pedagogy; Neutrosophic Set; Indetermi-
nacy; Learning Outcomes.
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ABSTRACT

A flexible model for analysing load-sharing data is developed by approximating the
cumulative hazard functions of component lifetimes by piecewise linear functions.
The proposed model is data-driven and does not depend on restrictive parametric
assumptions on underlying component lifetimes. Maximum likelihood estimation
and construction of confidence intervals for model parameters are discussed. Es-
timates of reliability characteristics such as reliability at a mission time, quantile
function, mean time to failure and mean residual time for load-sharing systems are
developed in this setting. As the proposed model is capable of providing a good
fit for load-sharing data, it also results in a better estimation of these important
reliability characteristics. The performance of the proposed model is observed to be
quite satisfactory through a detailed Monte Carlo simulation study. The analyses
of two load-sharing datasets, one pertaining to the lives of two-motor load-sharing
systems and another related to basketball games, are provided as illustrative ex-
amples. In summary, this article presents a comprehensive discussion on a flexible
model that can be used for load-sharing systems efficiently.

Keywords: Load-sharing systems; Component lifetime; Baseline hazard; Piece-
wise linear approximation; Bootstrap; Confidence interval.
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ABSTRACT

This article presents an efficient approximation scheme based on Hermite interpo-
lation for obtaining highly accurate solutions to third- and higher-order nonlinear
singular ordinary differential equations. A two-point Hermite interpolant approxi-
mates the unknown solution of a general form of third- and higher-order singular
boundary value problems. The necessary data for the approximation are derived
from the given boundary conditions and the intrinsic structure of the differential
equation. The convergence and efficiency of the method are validated through sev-
eral illustrative examples involving different nonlinearities and boundary conditions.
References:

1. N. Karamollahia, M. Heydaria, G. B. Loghmania. A computational method
to find dual solutions of the one-dimensional Bratu problem. Journal of Com-
putational and Applied Mathematics 388 (2021) 113309.

2. K. Parand, M. Delkhosh. An effective numerical method for solving the non-
linear singular Lane-Emden type equations of various orders. Jurnal Teknologi
79:1 (2017) 25-36.

93



STATISTICAL CONVERGENCE OF MATRIX
SEQUENCES AND EIGENVALUE INFLUENCES

Prasenjit Bal* and Bikram Sutradhar and Gourab Paul

Department of Mathematics, The ICFAI University, Tripura, India, 799210
E-mail: balprasenjit177@Qgmail.com, bsdhar2001@gmail.com,
palgourabpalg@gmail.com
*Correspondence: balprasenjit177@Qgmail.com

ABSTRACT

This paper delves into the statistical convergence of sequences of square matrices
with entries in the real or complex domain. Matrix sequence convergence is tradi-
tionally examined through two distinct lenses: element-wise convergence and norm
convergence. We explore both paradigms, unraveling their interconnections through
illustrative examples. Furthermore, we shed light on the intrinsic nature of matrix
sequence convergence, emphasizing its intricate dependence on the eigenvalues of
the matrices involved.

Keywords: Matrix sequence, Statistical convergence, eigenvalue.
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ABSTRACT

In fuzzy topology, the notion of d-closure operator was explored in the light of
quasi-coincidence (g-coincidence) due to Pu and Liu (1980). In this paper, we
generalize the concept of d-closure operator in neutrosophic bitopological spaces
(NBTS). Some characterizations of neutrosophic pairwise regular open (closed) and
d-open (closed) sets have been presented. Moreover, the notion of neutrosophic
pairwise d-continuous map has been introduced and some of its characterizations
are also studied in terms of g-coincidence.

Relationship between neutrosophic pairwise d-continuity and neutrosophic pair-
wise almost-continuity has been established. Finally, the characterizations and
preservation aspects of neutrosophic pairwise regular (resp. semi-regular) and neu-
trosophic pairwise almost regular spaces are also investigated.

Keywords: Neutrosophic g-coincidence, Neutrosophic ¢ (resp. 6)-cluster point,
Neutrosophic pairwise § (resp. #)-closed set, Neutrosophic pairwise J-continuity,
Neutrosophic pairwise regular (resp. semi-regular, almost regular) spaces.
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ABSTRACT

Child immunization is a critical public health intervention aimed at reducing infant
and child mortality. In India, the uptake of different immunization doses varies sig-
nificantly across regions, influenced by socio-economic, demographic, and healthcare
accessibility factors. Understanding these spatial patterns is essential for targeted
policy interventions. This study employs spatially autoregressive modelling to anal-
yse the geographic variation and interdependencies in the administration of various
child immunization doses across Indian districts, offering insights for improving im-
munization coverage.

Results: Univariate Moran’s I analysis shows significant spatial autocorrelation
in the timing of Hepatitis-B, BCG, and Polio birth dose immunizations across India.
Higher Moran’s I indicates stronger spatial clustering. Bivariate Moran’s I analysis
checks the influence of various socio-demographic and healthcare-related predictors
on the receipt of Hepatitis-B and BCG vaccines at the first week and first month
after birth in India. Positive index values with high z-scores (e.g., full ANC/PNC
coverage, institutional delivery, maternal education) are associated with timely im-
munization, especially in the first week. In contrast, negative associations at the first
month often reflect delayed immunization, particularly among disadvantaged groups
like rural children and those from lower economic quintiles. As examined, the classi-
cal linear regression model confirms a statistically significant spatial autocorrelation
in the model residuals for all the outcome variables under the study and thus the
spatial lag model was introduced to examine the underlying associations between
the outcome and the set of predictor variables. Data & Methods: This study
utilised the National Family Health Survey, 2019-21 data to collect the pertinent
information on birth doses of hepatitis-B, BCG and Polio Vaccination among chil-
dren aged under-five years. Univariate and Multivariate Spatial statistical analyses
were carried out at the district level.

Conclusion: This study highlights significant spatial clustering in the timing
of child immunizations across Indian districts, influenced by key socio-demographic
and healthcare factors. Timely vaccine uptake is positively associated with better
maternal healthcare and education. Spatial modelling underscores the need for
geographically targeted strategies to address disparities and improve immunization
coverage.
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ABSTRACT

By fusing the idea of an ideal Menger space with the star operator, this article in-
troduces the concept of the star-Menger property modulo an ideal. A topological
examination of various features of this property is then carried out. We bolster
the fundamental idea by connecting a number of topological features that show
patterns similar to the star-Menger space. We also present numerous counterexam-
ples to illustrate the differences between different interrelated topological properties.
Numerous aspects of preservation within subspace and functions are examined in
this paper. Lastly, we suggest utilizing specific modifications to the SSI? feature to
depict the optimum star-Menger space using families of closed sets.
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Conclusion

The Book of Abstracts for the Global Assembly for Mathematical Modeling and
Analysis (GAMMA)- 2025 encapsulates the scholarly spirit and interdisciplinary
breadth of this international forum. Featuring 60 abstracts contributed by re-
searchers, the volume reflects a wide spectrum of contemporary research in mathe-
matical modeling and analysis, spanning theoretical advancements, applied method-
ologies, and cross-disciplinary innovations.

With the participation of more than 110 participants, including prominent schol-
ars, early career researchers, and graduate students, GAMMA 2025 has served as a
fertile ground for intellectual exchange, collaboration, and exploration. The diverse
contributions presented here are a testament to the global relevance and transfor-
mative potential of mathematical inquiry.

We hope that this compilation will serve as both a lasting scholarly record and
a source of future inspiration for all members of the mathematical and scientific
community.
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