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Welcome Message

| am overwhelmed to release this issue of AMaThing commemorating the occasion of the International Day
of Mathematics (IDM) celebrated on March 14. Mathematics is crucial in our daily activities, which we often
underestimate. International Mathematical Union (IMU) took IDM as an initiative to promote mathematics in a
non-mathematical world.

Moreover, in recent years, the public has seen a world explode with unscientific truth and flawless statements
due to the lack of communication between academia and science. Communicating science is integral for a researcher
and vital in upholding truths. Our motive for releasing this issue is to help society understand various advances in
research in mathematics and their allied areas, assisting the stakeholders in learning new approaches.

| thank the entire team for their painful efforts in producing this magazine. Over the years, we have raised the
magazine's standards, and it is the best copy produced.

Happy Reading!
Dr. Jayesh M. Dhodiya

Head, Department of Mathematics
Sardar Vallabhbhai National Institute of Technology
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Exploring Advanced Theoretical and Com-

putational Methods for Fluid Flow In

Porous Media

Nagesh Sahu

Introduction

Understanding the movement of fluids through
porous materials is a key area of research in fields like
hydrogeology, petroleum engineering, and environmen-
tal science. These systems are inherently complex, of-
ten requiring nonlinear partial differential equations
(PDEs) to model the interactions between fluid dy-
namics, porosity, and transport processes. This arti-
cle dives into the core equations that describe flow in
porous media, discusses analytical and computational
techniques for solving them, and evaluates modern nu-
merical methods to simulate these phenomena accu-
rately.

Mathematical Models of
Fluid Flow in Porous Media

At the heart of porous media flow lies Darcy’s
Law, which relates the fluid flux to the pressure gra-
dient, permeability, and fluid viscosity. While Darcy’s
Law works well for slow and viscous flows, real-world
scenarios often require more nuanced models. For ex-
ample, Brinkman’s equation adds a term to account
for viscous shear stresses, while Forchheimer’s equa-
tion introduces an inertial component to address high-
velocity flows. These extensions are crucial for captur-
ing behaviours like turbulence or non-Newtonian fluid
dynamics in complex porous structures.

Analytical and Semi-

Analytical Solutions

Despite their complexity, analytical approaches
remain vital for validating numerical models and un-
covering theoretical insights. These are a few key meth-
ods:

e Perturbation Techniques: This approach
is useful for systems with mild nonlinearities.
These methods approximate solutions by ex-

panding around a small parameter (e.g., low flow
rates).

« Integral Transforms: Laplace or Fourier trans-
forms simplify linear transient flow problems by
converting PDEs into algebraic equations.

« Homotopy Analysis Method (HAM): This
flexible approach generates convergent series so-
lutions for strongly nonlinear problems without
relying on simplified assumptions.

« Adomian Decomposition Method (ADM):
This method breaks down nonlinear equations
into simpler components, enabling iterative so-
lutions without discretization.

These techniques provide benchmark results and
reveal the influence of parameters (viz. permeability
or viscosity) in a flow behaviour.

Computational Approaches
for Nonlinear PDEs

Generally, analytical methods are not reliant on
heterogeneous or highly nonlinear systems. In such
scenarios, computational strategies play an important
role. Some popular methods include:

« Finite Dilerence Method (FDM): This
method is ideal for structured grids and straight-
forward geometries. FDM approximates deriva-
tives using grid-based discretization.

o Finite Element Method (FEM): In this
method, we excel an irregular domain (e.g., frac-
tured rock) by dividing the domain into smaller
and adaptable elements.

o Finite Volume Method (FVM): This method
ensures mass and momentum conservation at dis-
crete volumes, making it a viable approach for
fluid flow simulations.

o Lattice Boltzmann Method (LBM): This
model is implemented when models flow at
a mesoscopic scale using particle interactions,
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which is particularly effective for multiphase
flows or complex geometries.

An efficient method in choosing a correct ap-
proach (technique) depends on various factors, includ-
ing computational resources, required accuracy, the
system’s geometric complexity, etc.

Applications and Cutting-
Edge Developments

Research in porous media flow has transforma-
tive applications. A few of them are listed as follows:

« Groundwater Management: We can improve
aquifer recharge and contaminant transport mod-
els.

« Oil and Gas Recovery: 1t is possible to opti-
mize reservoir simulations to boost hydrocarbon
extraction or CO» storage.

« Environmental Cleanup: We can develop
strategies for soil decontamination or filtering
pollutants.

« Biomedical Engineering: An emerging ap-
proach is studying drug delivery through tissues
or designing artificial organs.

Recent advancements leverage high-performance
computing (HPC) to handle large-scale simulations
while machine learning accelerates model calibration.
Hybrid methods that blend analytical and numerical
techniques are gaining momentum, offering faster solu-
tions without sacrificing precision.

Conclusion

Modeling fluid flow in porous media is a multi-
faceted challenge that bridges theory and computation.
By combining analytical insights with advanced numer-
ical tools, researchers can tackle real-world problems
with various applications, from managing groundwater
resources to designing medical treatments. As com-
putational systems become more efficient and newer
methods evolve, our ability to predict and control these
systems will deepen and drive innovation across science
and engineering.

Nagesh Sahu

Department of Mathematics, Sardar Val-
labhbhai National Institute of Technology,
Surat, Gujarat, India-395007

E-Mail Id: [d21ma002@amhd.svnit.ac.in
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The Transportation

Hartik Bapoliya, and Indira Tripathi

Problem: An Overview

Background

The transportation problem is a fundamental op-
timization problem in logistics and operations research.
It entails determining the best cost-effective way to
transport items from various locations, like factories or
warehouses, to different places, such as retail stores or
distribution hubs. The primary motive is to meet sup-
ply and demand restrictions while minimizing trans-
portation costs.

This problem occurs in many sectors like man-
ufacturing, supply chain management, and logistics,
where efficient distribution of products keeps the over-
all cost low and improves service levels.

History

For over a century, researchers have been study-
ing the transportation problems. It was initially de-
fined in the early 20th century by Frank L. Hitchcock
in 1941 [2] and further enhanced by T. C. Koopmans [3]
in 1949. Koopmans and Leonid Kantorovich made sig-
nificant contributions to the field by developing math-
ematical techniques for optimal resource distribution,
an achievement that earned them the Nobel Prize in
Economics in 1975.

The transportation problem was formulated us-
ing linear programming as a well-defined optimization
model. This was further improved by George Dantzig’s
[1] simplex method and specialized algorithms like
the MODI (Modified Distribution) method and the
stepping-stone method.

Model Formulation

Generally, transportation problems are expressed
in linear programming terms. Consider the following
components:

e Sources: Locations that provide supply goods,
denoted as r different sources.

« Destinations: Locations that need goods, de-
noted as t different destinations.

« Supply constraints: Supply capacity of every
source has a fixed capacity.

« Demand constraints: Requirements for every
destination must be fulfilled.

o Transportation cost: Transporting goods from
a source location to a destination.

The transportation problem can be expressed as:
C 111

€sdXsd
s=1d=1

minimize
Subject to

| S |
Xsdsas, I—_S|:1121"'|r

Xsdzbd: m:1121”' 1t
s=1

Xsg =0, Sl d
Where

e The quantity of unit goods which transported
from the s™ source to dt" destination is denoted
by Xsd-

e The cost per unit of transportation from st

source to dth destination is denoted by esq-
e The availability of goods at source s is as.
e The requirement of goods at destination d is bg.

For finding an initial feasible solution, multiple
methods like the Northwest Corner method (NWCM),
Least Cost Method (LCM), and Vogel’s Approxima-
tion Method (VAM), and then for the optimal solution
techniques like the MODI method are used.

Applications

The transportation problem is widely used in
various industries and applications, including:

1. Supply Chain Management: For optimizing
the distribution of raw materials and finished
products to minimize costs.

2. Logistics and Freight Transport: In finding
the best routes and modes of transportation for
goods movement.

3. Healthcare and Emergency Services: For ef-
ficiently allocating medical supplies and resources
to hospitals and clinics.
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. Energy Distribution: In managing fuel supply
chains for power plants and distribution centers.

E-commerce and Retail: For optimiz-
ing warehouse-to-customer deliveries to ensure
timely fulfillment and reduce costs.

Public Transportation Planning: In deter-
mining optimal routes for buses, trains, and other
transport modes to maximize efficiency.

7. Waste Management: For optimizing the col-
lection and disposal of waste from different loca-
tions.

Example

Four petrochemical plants in Malaysia create
polymer and sell it to China, the Middle East, Eu-
rope, and South East Asia through the trading busi-
ness “Mitco Labuan.” The following table lists each
route’s supply and demand and unit transportation
costs. Thousands of Malaysian Ringgit (MR) repre-
sent the unit transportation costs (Table [2.1)).

Variations in other distances and exchange rates
affect the shipping cost per unit. Therefore, the trading
organization needs to allocate production capacities to
the different demand destinations most efficiently to
decrease the shipping cost.

management decision-making. With advancements in
computational techniques and artificial intelligence,
modern solutions have evolved to handle large-scale
and dynamic transportation networks efficiently. As
businesses and economies expand, solving transporta-
tion problems efficiently will remain crucial for mini-
mizing costs and improving service efficiency.

References
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Hartik Bapoliya, and Indira Tripathi
Department of Mathematics, Sardar Val-

Conclusion labhbhai National Institute of Technology,
Surat, Gujarat, India-395007
The transportation problem remains a corner- E-Mail Ids: d23ma003@amhd.svnit.ac.in, and
stone of optimization and logistics and supply chain [ipd@amhd.svnit.ac.in
Table 2.1: Unit Cost of Shipping (MR, ’000)
Plant China Middle East South East Asia Europe | Capacity of production
P1 200 300 100 600 110
P2 400 350 150 650 75
P3 300 250 150 600 95
P4 500 400 200 700 125
Requirement 200 90 40 45
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On Atangana{Baleanu Fractional Deriva-
tive

Shinde Bhavika Dadaso

Abstract . In this article, the evolution and applications of the Atangana-Baleanu frac-
tional derivative have been discussed. This article gives a brief historical background of
fractional derivatives, mathematical expression, theoretical advancement, and practical
applications.

Introduction mathematical expression and potential extension to
di erent elds.

The study of derivatives and integrals of arbi-
trary orders (speci cally non-integer) in fractional cal- . .
CU|L)J/S is gain(inz import);nce beca?usge of its e ectiveness Mathemathal EXpreSS|0n
in modeling systems in various elds such as mathe-
matics, physics, and engineering. Some basic fractional A non-singular and non-local kernel, dependent
derivatives like the Caputo and Riemann{Liouville on the generalized Mittag-Le er function, de nes the
derivatives are widely used. However, these fractional Atangana-Baleanu fractional derivative. This deriva-
derivatives have drawbacks, such as singular kernelstive maintains the memory e ect to simulate critical
and local properties. In real-world phenomena, specif- Systems by recognizing the whole function history.

ically in systems with non-local interactions and mem- The mathematical formulation is given by:
ory e ects, these derivatives create problems in accu- z,

i B t X
rate detection. D, f(t)= Q) E ( ) f 9(x)dx

=

In 2016, Abdon Atangana and Dumitru Baleanu
discovered a new fractional derivative called Atangana-
Baleanu fractional derivative. It overcomes the restric- Where:
tions of traditional fractional derivatives and provides
its applications in di erent areas of scienti ¢ domains,
like dierential equations, geometric function theory, -
etc. The impact of this fractional derivative also oc-
curs in mathematical modeling of critical systems. -

a 1

- Fractional order (0 < < 1),
E - The Mittag-Le er function,

B ( ) - Normalization constant.

Historical Background Theoretical Advancements

The great scientist L'Hopital came up with an
interesting question about the derivative of a function
with order 1/2. This question led to the rich history
of fractional calculus in 1965. Many scientists like
Riemann, Liouville, Caputo, and Gnanwald have con- -
tributed signi cantly to the development of fractional
derivatives.

These basic fractional derivatives come with cru-
cial limitations, and these limitations motivate the
generalization of the derivative called the Atangana-

In the eld of fractional derivatives, the
Atangana-Baleanu fractional derivative gives a great
advantage in theoretical development given as follows:

With the non-singular and non-local kernel gen-
eralizing classical fractional derivative.

>

Giving memory e ects a more concrete represen-
tation via mathematics.

Baleanu fractional derivative. This derivative contains "~ Supporting the advancement of novel computa-
the non-local and non-singular kernel, which was ex- tion methods for fractional di erential equation
plained by the generalized Mittag-Le er function. solutions.

Due to the steady behavior of this fractional
derivative and its applications in a wide range of prob- Resolving challenges related to singular kernels
lems, many researchers came forward to explore its in classical derivatives.

AMaThing 6.0 5



Applications References

Epidemiology : To better represent disease dy- [1] A. Alb Lupas and A. Gatss. Applications of
namics in the real world, SEAIR epidemic models the atangana{baleanu fractional integral operator.
add nonlocal interactions and memory e ects [2]. Symmetry, 14(3), 2022.

[2] C. T. Deressa and G. F. Duressa. Analysis
of Atangana-Baleanu fractional-order SEAIR epi-
demic model with optimal control. Adv. Di erence
Equ., pages Paper No. 174, 25, 2021.

Geometric Function Theory . The Atan-

gana{Baleanu fractional integral operator is em-
ployed to de ne new subclasses of analytic func-
tions, leading to advances in geometric function

theory, such as distortion theorems and coe - [3] M. Syam and M. Al-Refai. Fractional di erential

cient estimates [1]. equations with atangana{baleanu fractional deriva-
tive: Analysis and applications. Chaos, Solitons &
Di erential Equations  : It solves linear and Fractals: X, 2:100013, 2019.

nonlinear fractional di erential equations, o er-

ing new existence and unique outcomes. These[4] Q. Wei, H. Zhou, and S. Yang. Non-darcy ow mod-
di erential equations are solved numerically us- els in porous media via atangana{baleanu deriva-
ing methods such as the Chebyshev collocation tive. Chaos, Solitons & Fractals 141:110335, 2020.
technique [3].

Solute Transport in Porous Media : The AB

derivative models non-Darcy ow in porous me- Shinde Bhavika Dadaso

dia to better understand the solute transport dy- Department of Mathematics, Sardar Val-
namics. [4] labhbhai National Institute of Technology,
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Machine Learning and Twin Support Vec-
tor Machine: An Emerging Approach

Patel Princekumar Dharmendrabhai

Machine learning has become a revolutionary accuracy and robustness. However, there are some lim-
technology, driving innovation in elds such as health- itations of SVM, such as di culty in handling imbal-
care, arti cial intelligence, robotics, and nance. Fun- anced data and computation being very complex for
damentally, it helps the systems to identify patterns large datasets.
and structures among data, that allows to make Mathematically, for a given set of training sam-
judgments or predictions without explicit program- ples (xi;vyi), where x; 2 R" andy; 2 f 1;1g, SVM
ming. Support Vector Machines (SVM) and their aims to nd a hyperplane w™ x + b= 0 that maximizes
more advanced variant, Twin Support Vector Machines the margin between the two classes. It can be formu-
(TWSVM), are very popular for classication tasks lated as the following optimization problem:
among the multiple machine learning approaches. In
many cases, TWSVM is the favored option because it

P
0 ers a more e ective approach to solving classi cation min 5” wijj® (4.1)
di culties. ’
subject to:
What is Machine Learning? WX +b) L 8i 4.2)

A sub eld of arti cial intelligence (Al), machine ]
learning is concerned with creating algorithms that let | \VWIN Support Vector Ma-
computers learn from input data and get better at what

they do. We must comprehend the three main cate- Chme (TWSVM)

gories of machine learning before moving on to specic

algorithms. These three categories are as follows: TWSVM  solves the limitations of traditional
SVM. It is a binary classi er that constructs two non-
Supervised Learning : It works with labeled parallel hyperplanes instead of one. Each hyperplane

datasets and concentrates on learning patterns is associated with one class and as far away from the
through the relationship between variables and other as possible.

known outcomes. Mathematically, TWSVM constructs two hyper-
planesw{ x + by = 0 and w] x + b, = 0, each closer
" Unsupervised Learning : It concentrates on to one class. The optimization problems for TWSVM

learning patterns and structure between unla- are:
beled datasets.

" Reinforcement Learning : The model learns min %jjAwl + ehjj?+ Cie) 2 (4.3)
by trying things out, seeing what works, and get- waibs
ting rewarded for good choices or corrected when Subject to:

it makes mistakes, similarly as we learn through

experiences.
(Bwi+ &)+ 2 e 2 0 (44

. and
Support Vector Machine
1 -
(SVM) min SjjBw; + elyjj® + Coef 1 (4.5)
Wz,bz 2
SVM is a machine learning algorithm that cat- Subject to:
egorizes data by nding the best line or hyperplane
that separates di erent classes in datasets. It is very _ _
useful for binary classi cation problems due to its high (Awz + eibp)+ 1 e 1 O (4.6)
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