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WELCOME

DEAR PARTICIPANT,

The purpose of this Indo-German meeting is to provide an interdisciplinary forum

for researchers around the world to present and discuss the most recent innovations,

trends, and challenges in the frontier areas of computational mathematics. IGCM

aims to foster interactions among High Performance Computing (HPC) research

community and to provide a forum to present and discuss challenges in Exascale

computing.

We wish you a fruitful and stimulating time at the IGCM-2019, and hope you will

enjoy your stay in Bengaluru!

IGCM-2019 Organizers
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SCHEDULE | MONDAY, DECEMBER 2 (CDS 102)

8:00-8:45 Registration

08.45 – 09.00 Opening

Chair: TBA 09.00 – 09:45 Peter Bastian (Uni Heidelberg, Germany)

Title Efficient Implementation of High-order Discontinuous
Galerkin Methods

09.45 – 10:30 Balakrishnan N (IISc, Bangalore, India)

Title Estimate of local truncation errors and its applications

10:30 – 10:50 Coffee/Tea break

Chair: TBA 10.50 – 11:35 Roland Herzog (TU Cheminitz, Germany)

Title An optimum experimental design problem for interface
identification

Chair: TBA 11:35 – 12:35 Contributed talks: Section-1 (3 talks, CDS 102)

Carolin Mehlmann: An efficient Newton-Multigrid solver
for viscous-plastic rheologies

Manan Shah: Graph Based Algebraic Multigrid Method
for Multicore and Manycore Architectures

Neha Iyer: Hybrid parallel smoother in Multigrid Method
for heterogeneous distributed systems

Chair: TBA 11:35 – 12:35 Contributed talks: Section-2 (3 talks, CDS 202)

Bipin Kumar: HPC in DNS of Cloud Microphysics:
Droplets Collision-Coalescence Detection Technique

Vikas Dwivedi: Rapid solution of PDEs in complex
geometries with physics informed extreme learning
machine

Manmeet Singh Deep Learning based time series
forecasting of Indian Summer Monsoon Rainfall

12:35 – 13:30 Lunch

Chair: TBA 13:30 – 14:15 Sanjay Mittal (IIT Kanpur, India)

Title Understanding flows past wings, bluff bodies and sports
projectiles using HPC

Chair: TBA 14:15 – 15:00 Philipp Kügler (Uni Hohenheim, Germany)

Title Computational cardiac safety testing of drugs - basic
principles and challenges

15:00 – 15:15 Coffee/Tea break

SCHEDULE
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SCHEDULE | MONDAY, DECEMBER 2

Chair: TBA 15:15 – 16.00 Gunar Matthies (Uni Dresden, Germany)

Title Variational time discretisations of higher order and higher
regularity

Chair: TBA 16:00 – 16.45 Thomas Richter (Uni Magdeburg, Germany)

Title An Efficient Newton-Multigrid Framework for Monolithic
Fluid-Structure Interactions

Chair: TBA 16:45 – 17:25 Contributed talks: Section-3 (3 talks, CDS 102)

Gautam Singh: Superconvergence of discontinuous
Galerkin method for convection-diffusion-reaction
problems

Dhanya Varma V: Numerical study of heat and mass
transfer in fluidized beds using discontinuous Galerkin
methods.

Akhlaq Husain: Spectral element methods for 3D elliptic
equations in perforated domains

Chair: TBA 16:45 – 17:25 Contributed talks: Section-4 (3 talks, CDS 202)

Dhiraj Patil: Lattice Boltzmann Method with BGK,
MRT and Cascaded Collision models for non-Newtonian
Power-law Fluid Flow over an Obstacle

Debashis Panda: Lattice Boltzmann Simulations for the
micro-macro interactions during isothermal drying of
porous media

Jayasri Dontabhaktuni: High refractive index dielectric
rings as tunable metasurfaces

18:30 Conference Dinner

SCHEDULE
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SCHEDULE | TUESDAY, DECEMBER 3

8:30-9:00 Registration

Chair: TBA 09.00 – 09:45 Volker John (WIAS, Berlin, Germany)

Title Finite Elements for Scalar Convection-Dominated
Equations and Incompressible Flow Problems: a Never
Ending Story?

09.45 – 10:30 Veerappa Gowda (TIFR CAM, India)

Title Discontinuous flux based Godunov type solvers for
hyperbolic systems admitting δ shocks

10:30 – 10:50 Coffee/Tea break

Chair: TBA 10.50 – 11:35 Christian Clason (Uni Duisburg, Germany)

Title Convex relaxation of hybrid discrete-continuous control
problems

Chair: TBA 11:35 – 12:35 Contributed talks: Section-5 (3 talks, CDS 102)

Ajit Kumar: Extention of OpenFoam to simulate 6dof
rigid body motion using adaptively refined overset mesh

Somveer Singh: Numerical simulation of nonlinear weakly
singular partial integro-differential equations arising from
viscoelasticity

Sanjay Kumar: A mesh-free approach for parabolic type
partial differential equations

Chair: TBA 11:35 – 12:35 Contributed talks: Section-6 (3 talks, CDS 202)

Sharana Kumar Shivanand: Stochastic mechanical
analysis of heterogeneous-anisotropic bone tissue

Deepika Garg: An Overlapping Local Projection
Stabilized Finite Element Methods For Darcy Flow

Abhishek Pandey: Studying Open Channel Confluence
Using Large Eddy Simulations

12:35 – 13:50 Lunch

Chair: TBA 13:50 – 14:35 Seetha Rama Krishna N & Akanksha Balani
(Intel India)

Title Transforming your HPC & AI with Software

Chair: TBA 14:35 – 15:20 Martin Falcke (MDC Berlin, Germany)

Title Multi-scale modeling of rabbit ventricular cardiac
myocytes: from sparks to action potentials

15:20 – 16:30 Coffee/Tea break and Poster Session

SCHEDULE

7



SCHEDULE | TUESDAY, DECEMBER 3

Chair: TBA 16:30 – 17.10 Bharat Kumar (NVIDIA, India)

Title Exascale: What Why and How?

Chair: TBA 17:10 – 17:50 Contributed talks: Section-7 (2 talks, CDS 102)

Manoj Kumar Yadav: Comparitive analysis of RBF-PUM
and FD based collocation schemes for pricing European
basket option

Chirala Satyanarayana: A compact RBF partition of
unity method for solving partial differential equations

Chair: TBA 17:10 – 17:50 Contributed talks: Section-8 (2 talks, CDS 202)

Meraj Alam: Well-posedness of a two phase mixture
model: an application to a soft tumor

Jogen Dutta: Convergence Analysis for the General
Linear Second Order Hyperbolic Problem with
Discontinuous Coefficients

18:30 Dinner

SCHEDULE
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SCHEDULE | WEDNESDAY, DECEMBER 4

8:30-9:00 Registration

Chair: TBA 09.00 – 09:45 Dirk Pleiter (Jülich Supercomputing Centre,
Germany)

Title Computer architectures and technologies towards exascale

09.45 – 10:30 Prakash Raghavendra and Venugopal Raghavan
(AMD, India)

Title TBA

10:30 – 10:50 Coffee/Tea break

Chair: TBA 10.50 – 11:35 Praveen Chandrashekar (TIFR CAM, Bangalore,
India)

Title Divergence-free discontinuous Galerkin method for MHD
and Maxwell’s equations

Chair: TBA 11:35 – 12:35 Contributed talks: Section-9 (3 talks, CDS 102)

Mahipal Jetta: On Hybrid Explicit Scheme for Fourth
Order Nonlinear Diffusion Filter

B R Kapuriya: A Novel Local Segmentation Model based
on Active Contours

Chair: TBA 11:35 – 12:35 Contributed talks: Section-10 (3 talks, CDS 202)

Debraj Ghosh: Certified reduced order modeling for
uncertainty quantuification of stochastic dynamical
systems

Nandita Roy: Inclusion Theorems for Pseudospectra of
Block Triangular Matrices

12:35 – 13:50 Lunch

Chair: TBA 13:50 – 14:35 Chiranjib Sur (Shell India)

Title AI and simulations at scale - challenges in energy industry

Chair: TBA 14:35 – 15:20 Arkaprava Basu (IISc Bangalore, India)

Title Impact of heterogeneous computing on HPC

15:20 – 15:50 Coffee/Tea break

16:00 Departure

SCHEDULE
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POSTER PRESENTATIONS

Aditi Singh An efficient numerical solution to Burgers’-Huxley equa-
tion using fourth order B-spline collocation method

Akhil Dass Evolution of the 1-D Model of Coupled Natural Circula-
tion Systems

Amiya Das Dynamical survey of the dual power Zakharov-
Kuznetsov-Burgers equation with external periodic per-
turbation

Antim Chauhan Converging Cylindrical Strong Shock Wave in Magneto-
gasdynamics

Anil K. Shukla The generalization of Laplace transform and its applica-
tion in fractional calculus

Arrutselvi M Virtual element method for the nonlinear convection-
diffusion-reaction equation

Aswin Vs Numerical simulation of blood flow in the aorta

Bandita Roy Boundary value problems for impulsive differential equa-
tions involving Caputo fractional derivatives

Chaithra N Applying the Regression Technique for Prediction of Car-
diovascular Disease in Healthcare

Darius Diogo Barreto Extension-torsion-inflation coupling in compressible
magnetoelastomeric thin tubes with helical magnetic
anisotropy

M Enamul Karim Numerical Analysis of Magneto Hall Effect on Unsteady
Pulsatile Couette Flow of Maxwell Nanofluid with Slip
Convective Wall

G Narender Thermal Radiation, Viscous Dissipation and MHD Stag-
nation Point Flow of Micropolar Fluid over a Shrinking
Sheet

Harish Chandra Numerical study of natural convection in an anisotropic
porous cavity due to sinusoidal heat flux: effect of peri-
odicity parameter

Harish Kumar Kotapally Wavelet based solution to 1D and 2D Burgers’ and cou-
pled Burgers’ equation
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POSTER PRESENTATIONS

Jibrail Ali Discrete Spectra of Holomorphic Operator-Valued Func-
tions and Perturbation Analysis

Jyoti Dhanke Numerical study of effect of nutrient and oxygen concen-
tration on tumor cell growth and proliferation

Mahendra Kumar Jena High speed Hermite interpolation by a non-stationary
subdivision scheme

Mani Sandeep Kumar An Optimal Three Step Iterative Method For Solving
Nonlinear Equations

Niladri Ghosh Exact traveling wave solutions and bifurcation analysis
of time fractional Kadomtsev-Petviashvili modified equal
width equation

Palani Thanaraj Krishnan Development of Web based Pneumonia Diagnosis System
using Deep Learning Framework

Venkateswarlu Malapati Impact of heat generation and viscous dissipation on ra-
diative hydromagnetic natural convection flow in a ver-
tical micro–porous–channel

Praveen Laws Numerical study on energy recovery from passing train
using a savonius wind turbine array

Punjan Doahre Computational fluid dynamic approach to design the bio-
inspired sensor chamber for volatile detection of elec-
tronic nose applications

Rahul Kumar Maurya Numerical solution for fractional electromagnetic waves
model

Ritu Agarwal Integral transforms in Bicomplex space and applications

Rupinderjit Kaur Influence of irregular geologies and inhomogeneity on SH-
wave propagation

Saurabh Dixit and Amar
Gaonkar

Reduced Order Modeling for Thermoelastic Damping of
Nano-resonators

Sayli Patil Numerics for PDE involving finite volume method

Siddaramappa V DNA molecule Genetic Information (DNA-GI) for Com-
puter Science Applications
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POSTER PRESENTATIONS

Smriti Smriti and Ajeet Ku-
mar

Irving Kirkwood Method for One DimensionalNanostruc-
tures

Sridevi Priya M A numerical model for nonlinear flow patterns of urban
floods with obstructions to flow

Sriya R, Ridhi Anand and
Harini Sriraman

Scalable Algorithm for LU Decomposition using Igni-
teRDD on Integrated Spark-Ignite

Subhashree Patel Legendre spectral projection based Tikhonov regulariza-
tion method for Fredholm integral equations of the first
kind

Sumit and Sunil Kumar A uniformly convergent method for a two parameter sin-
gularly perturbed parabolic problem with time delay

Tapas Panigrahi Impact of irregular sandwiched geologies on Love-type
surface waves

Vijay Kumar Yadav Exponential synchronization of fractional-order complex
chaotic systems and its application in secure communi-
cation using digital cryptography
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ABSTRACTS - INVITED SPEAKERS

Efficient Implementation of High-order Discontinuous
Galerkin Method

Peter Bastian
Interdisciplinary Center for Scientific Computing, University of Heidelberg,

Im Neuenheimer Feld 205, 69120 Heidelberg, Germany

Abstract: Unleashing the high-performance advertised by current supercomputers
provides quite a challenge for finite element methods. The traditional approach of
setting up a sparse linear system using a sparse matrix format and solving this
system by some preconditioned Krylov method performs typically only at a few
percent of theoretical peak due to memory bandwidth limitations. Matrix-free im-
plementation of high-order methods offers the possibility of bypassing the memory
bottleneck while at the same time reducing the number of floating-point operations
substantially by exploiting tensor product structure in element-level computations.
In this talk we present performance results for operator application of discontinuous
Galerkin discretizations applied to a scalar convection-diffusion equation as well as
systems of PDEs. Automatic code generation simplifies the generation of vectorized
code and allows the exploration of performance for different variants. We also ad-
dress preconditioning for these systems using subspace correction methods where
most of the work is performed matrix-free.
* Joint work with D. Kempf, E. H. Müller, S. Müthing and M. Piatkowski

Impact of heterogeneous computing on HPC

Arkaprava Basu
Department of Conputer Science and Automation indian Institute of Science

(IISc), Bengaluru, India

Abstract: As the benefits from transistor scaling diminish, an increasingly larger
number of applications are making use of accelerators, such as general purpose
graphics processing units or GPGPUs. Relative to traditional CPUs, these accelera-
tors often provide significantly better performance and energy-efficiency for types of
applications it is designed for. However, programming accelerators could be a chal-
lenge owing to their relatively constrained programming environments. Thus, a key
research question is how to make accelerators more easily programmable without
compromising its benefits.

In this talk, we will focus on GPGPU, a popular accelerator that is specialized in
executing data-parallel programs. We will discuss a key programmability enhancing
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ABSTRACTS - INVITED SPEAKERS

feature on GPGPUs called shared virtual memory (SVM). We will see that SVM
could help ease programming GPGPUs but can significantly slowdown applications.
We will then analyze application characteristics and design constraints in GPGPUs
that lead to such performance overhead. Driven by this analysis, we will discuss our
idea of smarter scheduling of virtual memory requests that could lead to 30

Divergence-free discontinuous Galerkin method for MHD
and Maxwell’s equations

Praveen Chandrashekar
TIFR Centre for Applicable Mathematics Bengaluru-560065, India

Abstract: Some PDE models like MHD and Maxwell’s equations contain magnetic
field as a dependent variable which must be divergence-free due to the non-existence
of magnetic monopoles. This is an inherent constraint satisfied by the induction
equation due to its curl structure. Numerical schemes may not preserve this struc-
ture unless they are specifically designed for this purpose. A staggered storage of
variables is useful to satisfy such constraints by a numerical scheme. In this talk,
I will describe two approaches to construct high order numerical approximations
based on discontinuous Galerkin method that are constraint preserving. In the first
approach, we perform a divergence-free reconstruction of the magnetic field while
in the second approach, the divergence constraint is automatically satisfied by the
numerical scheme due to the use of H(div) elements. The numerical flux used in
such DG methods must satisfy a consistency condition between the 1-D and multi-
D Riemann solvers, and we construct HLL-type schemes for MHD that exhibit such
consistency. These methods are useful in applications where explicit time stepping
schemes can be used and I will show some results for MHD and Maxwell’s equa-
tions.

Convex relaxation of hybrid discrete-continuous control
problems

Christian Clason
Fakultät für Mathematik, Universität Duisburg-Essen, Germany
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ABSTRACTS - INVITED SPEAKERS

Abstract: We consider control problems for partial differential equations where the
distributed control should take on values only from a given discrete and hence non-
convex set. Such problems occur for example in parameter identification or topology
optimization. Similar to their use in sparse optimization, L1-type norms can be
used to formulate a convex relaxation which can be solved by semi-smooth Newton
methods. We illustrate this approach using linear model problems and discuss the
extension to vector-valued and nonlinear control problems.

Multi-scale modeling of rabbit ventricular cardiac myocytes:
from sparks to action potentials

Martin Falcke
MDC Berlin, Germany

Abstract: Cardiovascular disease is often related to defects in molecular and sub-
cellular components in cardiac myocytes, specifically in the dyadic cleft, which in-
clude changes in cleft geometry and channel placement. Modeling of these patho-
logical changes requires both spatially resolved cleft as well as the whole cell level
descriptions. We use a multi-scale model to create dyadic structure-function rela-
tionships in order to explore the impact of molecular changes on whole cell elec-
trophysiology and calcium cycling. This multi-scale model incorporates stochastic
simulation of individual L-type calcium channels (LCC) and ryanodine receptor
channels (RyRs), spatially detailed concentration dynamics in dyadic clefts, rabbit
membrane potential dynamics, and a system of partial differential equations for my-
oplasmic and lumenal free Ca2+ and Ca2+-binding molecules in the bulk of the cell.
We created a population of models with varying dyadic cleft properties including
RyR and LCC clustering, stochastic opening and closing rates as well as changes
in LCC and RyR calcium currents. We investigated commonly used biomarkers
describing action potential, Ca2+ transient and Ca2+ spark dynamics. Our results
suggest that both action potential biomarkers and spark biomarkers are affected by
RyR cluster substructure.

*Joint work with Filippo Cosi, Wolfgang Giese, Wilhelm Neubert, Stefan Luther,
Nagaiah Chamakuri, Ulrich Parlitz
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ABSTRACTS - INVITED SPEAKERS

Discontinuous flux based Godunov type solvers for
hyperbolic systems admitting δ shocks

Veerappa Gowda
TIFR Centre for Applicable Mathematics, Bengaluru-560065, India

Abstract: In this study, a class of Godunov-type solvers based on discontinuous
flux for a class of weakly hyperbolic systems admitting δ shocks are proposed. These
weakly hyperbolic systems arise for example in pressureless gas dynamics. It is shown
that these schemes preserves the physical properties such as positive density and
bounded velocity etc. Numerical results are presented nd compared with existing
litreature and shown these schemes perform better.

*This talk is based on the joint works with Aekta Agarwal, Ganesh Vaidya and
Naveen Garg.

An optimum experimental design problem for interface
identification

Roland Herzog
TU Chemnitz, Faculty of Mathematics, 09107 Chemnitz, Germany

Abstract: Interface identification refers to a class of parameter estimation problems
where the unknown is the location of an interface, e.g., between two values of a ma-
terial parameter, which may appear as a coefficient in a partial differential equation.
Compared to classical parameter estimation problems, the unknown is therefore not
a point in a finite dimensional vector space, but can be considered an element of an
infinite dimensional manifold of shapes. Its tangent space, which contains potential
directions of parameter variations, can be conceived as a space of velocity fields
acting on the shape boundary.

The proper formulation and numerical solution of OED problems for interface identi-
fication, which we will address in this talk, therefore imposes a number of challenges
compared to classical OED problems in vector spaces.

Finite Elements for Scalar Convection-Dominated Equations
and Incompressible Flow Problems: a Never Ending Story
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ABSTRACTS - INVITED SPEAKERS

Volker John
Weierstrass Institute for Applied Analysis and Stochastics (WIAS), 10117 Berlin,

Germany

Abstract: The contents of this talk is twofold. First, important recent results con-
cerning finite element methods for convection-dominated problems and incompress-
ible flow problems are described that illustrate the activities in these topics. Second,
a number of, in our opinion, important open problems in these fields are discussed.
The exposition concentrates on H1-conforming finite elements.

This talk presents joint work with Julia Novo (Madrid) and Petr Knobloch (Prague),
which has been published in [1].

[1] V. John, P. Knobloch, and J. Novo. Finite elements for scalar convection-
dominated equations and incompressible flow problems: a never ending story?. Com-
put. Vis. Sci., 19(5-6):47–63, 2018.

Computational cardiac safety testing of drugs - basic
principles and challenges

Philipp Kügler
University of Hohenheim, Institute of Applied Mathematics and Statistics,

70599 Stuttgart, Germany

Abstract: Computational cardiology has continuously grown over the past 50 years
and has turned into a prominent showcase of systems biology. One major area of
application is drug safety testing, which recently gained novel momentum in course
of the emergence of stem cell technology and international initiatives built upon it
for defining an improved safety paradigm. Proarrhythmic risk classification of drugs
based on mechanistic models of human cardiac electrophysiology from the single
cell to the full organ level currently gains more and more recognition also within
pharmaceutical industries and regulatory agencies. Still there are many hurdles on
the way to its full integration into critical decision making. In this talk, we give an
introduction to the field and point to some of its computational challenges.

Exascale: What Why and How?
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ABSTRACTS - INVITED SPEAKERS

Bharat Kumar
NVIDIA, India

Abstract: Are we approaching Exascale Era or have we already reached there?
What technological advancement made it possible? How is this going to impact
Science? What is this Ex- factor in ExaScale? If you are interested in these topics
and would like to dive deep into how accelerators have paved way for same please
attend this talk

Variational time discretisations of higher order and higher
regularity

Gunar Matthies
Technische Universität Dresden, Institut für Numerische Mathematik,

01062 Dresden, Germany

Abstract: Starting from the well-known discontinuous Galerkin (dG) and contin-
uous Galerkin-Petrov (cGP) methods we will present a two-parametric family of
time discretisation schemes which combine variational and collocation conditions.
The first parameter corresponds to the ansatz order while the second parameter
is related to the global smoothness of the numerical solution. Hence, higher order
schemes with higher order regularity can be obtained by adjusting the family pa-
rameters in the right way.

All members of the considered family inherit stability from either dG or cGP. Fur-
thermore, the presented time discretisations can be obtained alternatively by suc-
cessive post-processing steps starting with dG or cGP, respectively. Furthermore,
the considered schemes provide themselves a cheap post-processing which could be
used for adaptive time-step control.

Error estimates and some numerical results will be given.

Understanding flows past wings, bluff bodies and sports
projectiles using HPC

Sanjay Mittal
Aerospace Engineering, IIT Kanpur, India
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ABSTRACTS - INVITED SPEAKERS

Abstract: A summary of our recent research efforts to understand fluid flows, by
using computational methods, is presented. Stabilized finite element methods are
employed to compute fluid flows at various Reynolds and Mach numbers including
those that involve moving boundaries. Some of the flow problems arise from practical
applications while others add to understanding of certain fundamental issues in
fluid mechanics. Most of the applications require large scale computing. To that
extent, where-ever possible, our in-house codes have been parallelized using MPI
libraries. The phenomenon of drag-crisis, due to transition of the boundary layer to
a turbulent state, on sphere and circular cylinder is investigated. The transition of
the flows on wings and airfoils, is studied and compared to the routes for bluff body
flows. Computations for flow past a cricket ball and badminton shuttlecock bring
out the relevant flow features that affect the dynamics.

Estimate of local truncation errors and its applications

Balakrishnan Narayanarao
Aerospace Engineering, Indian Institute of Science (IISc), Bengaluru, Karnataka

560012, India

Abstract: It is well known that the exact operator operating on the numerical
solution or the numerical operator operating on the exact solution results in the
local truncation error. In the absence of exact solution for a general problem, a
pragmatic approach to estimate the local truncation error from a given numerical
solution, would be to replace the exact operator with a higher order numerical
operator. The talk will elaborate how these estimates of the local truncation error are
used for mesh adaptation for both steady and unsteady problems. The consistency
of the estimated errors is exploited to determine the local length scale required
to adequately resolve the flow. In that sense, the method also presents a natural
termination criterion for stopping the mesh adaptation. The current interest is in
evolving an adaptive time stepping procedure based on these estimates for unsteady
flow simulations.

Transforming your HPC & AI with Software

Seetha Rama Krishna N & Akanksha Balani
Intel India
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ABSTRACTS - INVITED SPEAKERS

Abstract: HPC is no longer just HPC, but rather a mix of workloads that in-
stantiate the convergence of AI, traditional HPC modelling and simulation. Exit
the traditional HPC center that just runs modeling and simulation, and enter the
world that must support the convergence of HPC-AI computing and sometimes with
specialized hardware. The next generation of supercomputers will provide scientists
and researchers with powerful new tools to accelerate scientific discoveries and drive
innovations. Intel is on the forefront of the convergence of artificial intelligence (AI),
analytics, simulation and modeling and other HPC workloads that will drive the
industry toward the next era in Supercomputing. In the session you will know abut
the various software tools and platforms can be used for code modernization and to
transform the data on your HPC to drive insights using AI.

Computer architectures and technologies towards exascale

Dirk Pleiter
Jülich Supercomputing Centre, 52425 Jülich, Germany

Abstract: The evolution of supercomputing architectures and technologies towards
exascale is dictated by constraints of the underlying technologies as well as the
markets driving these technologies. From a technical perspective, reaching next per-
formance levels will, in particular, become more difficult due to power constraints
and the related challenge of maintaining a balance of processing and data transport
capabilities. As a consequence, the hardware architectures become more complex
and available solutions more diverse. We will present an assessment of the evolution
of supercomputing architectures and technologies with focus on European devel-
opments. On this basis we will discuss the impact on development of numerical
algorithms and applications for being able to exploit future exascale architectures
efficiently while keeping the software basis maintainable and enabling modifications
according to evolving scientific needs.

Title

Raghavendra Prakash & Venugopal Raghavan
AMD India Pvt Limited, Bengaluru, India
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ABSTRACTS - INVITED SPEAKERS

Abstract:

An Efficient Newton-Multigrid Framework for Monolithic
Fluid-Structure Interactions

Thomas Richter
Institute of Analysis and Numerics, Otto-von-Guericke Universität Magdeburg,

Germany

Abstract: Fluid-structure interactions play a role in various application problems
rangingfrom aeroelasticity to the flow of blood in the arteries. We consider the
coupling of the incompressible Navier-Stokes equations with a nonlinear elasticity
law.

A problem common to some fluid-structure interaction configurations such as they
appear in hemodynamics (but also in applications like naval engineering) is the
added mass effect, describing a very stiff coupling due to similar masses of solid and
surrounding fluid. This effect calls for strongly coupled and implicit discretizations
and solution schemes, so called monolithic approaches. A coupled description of both
phases leads to very large, nonlinear and ill-conditioned algebraic problems. They
lack any structure such as symmetry or positivity that could be used in the design
of efficient solvers.

While direct solvers may be the method of choice in 2d, they are prohibitively
expensive in 3d. There has been some progress in literature, but all approaches
suffer from the special type of the coupling and the ill-structured and ill-conditioned
systems matrices. Tackling the coupled system of equations turns out to be orders of
magnitude more difficult than treating the two subsystems for fluid and solid alone.
Standard iterative approaches will not converge well.

We will present a novel Newton-multigrid technique that is based on two steps: 1st,
we reformulate the system matrix by skipping parts of the Jacobian an by using
a static condensation of some solution variables. These reformulations allow for a
splitting of the linear system into several sub problems. 2nd, we use the gained
structure in the subproblems to apply efficient iterative solvers.

We document the efficiency of the solution approach and present challenging 3D fsi
benchmark configurations. Although this is not the focus of the talk, we will further
present some first steps towards the parallelization of the solver.
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ABSTRACTS - PRESENTATIONS

* This is a joint work with Lukas Failer, TU München, Germany.

[1] T. Richter. Fluid-structure Interactions. Models, Analysis and Finite Elements.
Springer, 2017
[2] L. Failer, T. Richter. A parallel newton multigrid framework for monolithic fluid-
structure interactions. Submitted, 2019. https://arxiv.org/abs/1904.02401

AI and simulations at scale - challenges in energy industry

Chiranjib Sur
Shell India

Abstract: Efficiently using (super)computers for solving scientific and industrial
problems is the role of scientific computing. It lies at the intersection of high-
performance-computing (HPC), physics, numerical methods & algorithms. The use
of scientific computing in the energy industry is pervasive, especially in seismic pro-
cessing, reservoir simulation or computational chemistry just to name a few. Data
also plays a very big role in today’s computing role.

In this presentation, I will give an overview of the kind of non-conventional com-
putational effort and related challenges we face in oil and gas industry to meet the
energy demand for modern era. Some of the problems can be classified as purely
high performance number crunching and some are driven by data and analytics.

These problems are very challenging to solve on their own and it certainly needs
attention from experts in cross discipline and often can be viewed as fusion of com-
puting and data!
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Introduction
In this work we present a mathematical model that describes hydrodynamics and
deformation mechanics within a solid tumor. A tumor tissue is a viscoporoe-
lastic deformable living biomaterial with cellular phase and extracellular matrix
(ECM) as the solid phase (also small volume of blood vessels). The intravascular
fluid or blood and the interstitial fluid form a single fluid phase. The theory of
mixtures is adapted to mass and momentum balance equations for fluid flow and
tissue deformation mechanics. These models are governed by system of nonlinear
mixed parabolic-hyperbolic partial differential equations. This study shows the
well-posedness (exitence, uniqueness, and continuous dependence) of poroelasto-
hydrodynamics (interstitial hydrodynamics and the deformation of tissue) in the
weak sense. The mass conservation equations for each phase in a generic form
are given by,

∂(ρ̃ f ϕ f )

∂t
+∇ · [(ρ̃ f ϕ f )V f ] = ρ̃ f S f , (1)

∂(ρ̃sϕs)

∂t
+∇ · [(ρ̃sϕs)Vs] = ρ̃sSs, (2)

where S f and Ss represent the fluid phase and solid phase generation (mainly the
growth of cell population) respectively. The volume fractions φ f and φs are as-
sumed to satisfy the following saturation assumption ϕ f +ϕs = 1. P denotes the
interstitial fluid pressure (IFP), V f and Vs denote the interstitial fluid velocity
(IFV) and velocity of the solid phase (SPV) respectively. The apparent densities
of the fluid and solid phases are denoted by ρ̃ f and ρ̃s, respectively.
Momentum balance equation for each of the constituent phases (solid and fluid)
in the binary mixture of cellular phase (solid) and extracellular fluid are given by

ρ f

(
∂V f

∂t
+(V f ·∇)V f

)
= ∇ ·T f +Π f +b f , (3)

ρs

(
∂Vs

∂t
+(Vs ·∇)Vs

)
= ∇ ·Ts +Πs +bs, (4)
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where ρ f = ϕ f ρ̃ f , ρs = ϕsρ̃s denote the true mass density of the fluid and solid
phase of the mixture,respectively, T f , Ts denotes the stress tensor for the fluid and
solid phase of the mixture and given by

T f =−[φ f PI −λ f ∇ ·V f ]I+µ f (∇V f +(∇V f )
T ), (5)

Ts =−[(φsP)−χ(φs)(∇ ·Us)]I+µs(φs)(∇Us +(∇Us)
T ), (6)

λ f , µ f : first and second coefficients of viscosity corresponding to interstitial fluid,
χ, µs : elastic parameters corresponding to solid phase, χ = νpY /(1+ νp)(1−
2νp) and µs = Y /2(1+ νp), Y and νp are Young’s modulus and Poisson ratio
respectively. Πs and Π f denotes the force of interaction between two phases and
are given as

−Πs = Πs = K(Vs −V f )− (∇φs)P, (7)

where K =
µ f
k is the drag coefficient. In order to close the above system of equa-

tions, we need to support suitable boundary and initial conditions.

Methodology
We establish the well-posedness of the system (1)-(7) with suitable boundary and
initial conditions. In this process, we use the concept of weak solution. In or-
der to show the well-posedness we required some basic mathematical tools such
as Sobolev spaces, Poincare’s, Holder’s, Korn’s and Gronwall inequalities. We
derive a weak formulation which is equivalent to the system of PDEs (1)-(7). Fur-
ther, we use a semi-discrete Galerkin method and derive a priori bounds on the
solution. Using the weak convergence method we show existence of a solution of
weak formulation. We prove further the uniqueness and continuous dependence
with some additional regularity on the solution and given data.

Keywords: Solid tumor, biphasic mixture theory, weak formulation, Galerkin method,
Energy estimates
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Deep Learning based time series forecasting of
Indian Summer Monsoon Rainfall

Manmeet Singh, Bhupendra B. Singh, Rajib Chattopadhyay and Bipin Kumar
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Indian Summer Monsoon Rainfall (ISMR) is crucial for the agricultural pro-
duction in the country as a majority of farmers are still dependent on monsoonal
rains. In the recent times, deep learning has offered hope as a state of the art tool
for advancing prediction skill of ISMR. In this work we review various state of the
art time series models such as the Long Short Term Memory (LSTM), Wavenet
and deep reinforcement learning based time series forecasting. Several climate in-
dices which have been known to be predictors of ISMR are used for deep feature
synthesis to generate new predictors of ISMR. Neural Architecture Search is used
to further automate the search for best architecture of the deep learning models.
The use of automated feature learning and architecture search makes this study a
first of its kind in implementing deep learning for time series for ISMR. The in-
sights this work are expected to provide useful inputs into improving the existing
systems used for the prediction of rainfall over India

Keywords: Indian Summer Monsoon Rainfall, Deep Learning, Deep Feature Synthesis,
Neural Architecture Search

Introduction
The success of Deep Learning in the fields of computer vision, sequence to sequence
learning and autonomous agents with the applications that have been recently shown in
various scientific fields have led to high fidelity in this branch of machine learning. The
data-driven analysis powered by Deep Learning has been used in understanding extreme
events, land-use land cover changes, statistical downscaling, seasonal forecasting and
nowcasting among others. Recent advances in automating feature identification and
generating new features using deep feature synthesis identifying relationships within the
data without manual intervention. Improved feature engineering thus is now providing
potentially lower latency in developing data-driven models. Another development which
is transforming deep learning itself is neural architecture search (NAS). Significant
advances have taken place in NAS using reinforcement learning and other methods,
which was a manual job earlier, requiring, finding out the optimal hyperparameters for
the best model. In this work we use these state of the art algorithms to forecast the
Indian Summer Monsoon Rainfall.
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Data and Methodology
The data used is observed monthly anomalies of ISMR as the output variable, and
indices of El Nino-Southern Oscillation (Nino3), Pacific Decadal Oscillation (PDO),
North Atlantic Oscillation (NAO), Atlantic Multidecadal Oscillation (AMO), Arctic
Oscillation (AO), Southern Oscillation Index (SOI), Interdecadal Pacific Oscillation
(IPO) and sunspots data as input fields. Deep LSTMs, conditional time series model
based on wavenet, Auto Regressive Integrated Moving Average (ARIMA), Multivariate
Regression (MVR) , Support Vector Machines (SVR), Random Forests (RF), Gated
Recurrent Units (GRU), Recurrent Neural Networks (RNN) and deep reinforcement
learning based time series models are used on feature engineered input data.
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High refractive index dielectric rings as tunable
metasurfaces
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Dielectric structures with high refractive indices give rise to Mie-type reso-
nances with a remarkably high localization of electric and magnetic fields due
to excitation of selective multipolar modes. In the present work, we study the
resonant characteristics of high refractive index circular, square and triangular di-
electric rings using full-wave electromagnetic simulations. Effect of geometry,
thickness of the structures and refractive index on the electromagnetic response is
studied in the sub-wavelength regime. Square rings are observed to exhibit sharper
resonances at lower frequencies compared to the circular rings as a consequence
of enhanced field localization within the dielectric structures. It is observed that
electric modes are predominantly sustained in the thinner rings (thickness lesser
compared to the lattice constant) while thicker rings support magnetic modes pre-
dominantly. Triangular rings give rise to extremely high localization at certain
angles and they are investigated in detail. These rings when placed in birefringent
liquid crystal medium orientation of the liquid crystal molecules are observed to
enhance certain modes over the other giving rise to tunable metasurfaces. Further,
novel modes such as electric dipole+electric quadrupole and toroidal modes are
observed, hitherto not observed in air.

Keywords: Finite element method, Fluid Flows

Dielectric rings in air medium
In the present work we look at the effect of both geometry and refractive index of the
dielectric structure on the electromagnetic response. A layer of periodic circular and
square dielectric rings made of high refractive material, Te are placed inside air medium.
The electromagnetic response of such dielectric structures and hence the electric and
magnetic field profiles are studied in detail using FDTD numerical simulations. The
FDTD method has been proven to be one of the most effective numerical methods in the
study of metamaterials. As a direct solution to the Maxwell’s equations, FDTD offers a
simple yet straightforward way to model complex periodic structures. The main part of
the FDTD numerical algorithm consists of solving coupled Maxwell’s equations using
electric and magnetic fields discretized over a tetrahedral mesh. The circular and square
dielectric structures are placed in the XY plane filled with air. Periodic boundary
conditions are applied along X- and Y- directions. Plane electromagnetic wave is
incident at one of the ports on the Z-axis with polarization along Y direction and
magnetic field (H-field) is along X-direction. The periodicity of the unit cell is 2.5µm
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and the thickness of the cell along the Z-direction is 5µm. The thickness of the rings is
varied from 0.2µm till 3µm to look at the effect of thickness on the field modes generated
inside the materials. The computational time required for these numerical simulations
range from few hours to few days depending on the complexity of the medium filling the
simulation box, the size of the dielectric structures and the thickness of the cell.
Anisotropic medium like liquid crystals are computationally intensive to solve the
Maxwell’s equations taking up to 3 days on an Intel Xeon 2.2 GHz workstation.

Figure 1: a) and b). Scattering parameters S11 and S22 for circular rings designed
from Te and GaAs respectively. c) and d). Scattering parameters S11 and S22 for
square rings designed from Te and GaAs respectively. e). Resonant electric field
modes shown as vectors observed in the Te circular rings in the XY plane. f).
Various resonant electric field modes at different frequencies observed in the Te
square rings in XY plane.

In the present work, we design circular and square rings of high refractive index material
Tellurium (Te) with refractive index of 5.79. Light of frequency in the range 1-100THz
is incident on the layer of Te rings of thickness 0.2µm. Scattered fields from the layer of
dielectric structures are observed at the two ends of the simulation box given by S
parameters as shown in the figure 1a) b). Effect of geometry and the refractive index of
the dielectric rings play a significant role on the resonance characteristics.Typically
square rings show a sharper resonances and high field localization compared to the
circular rings. Thinner rings support the electric modes predominantly while rings of
thickness more than the radius exhibit only magnetic modes. Further, we also
investigated the effect of anisotropic medium on the electromagnetic response and
exploit the tunability exhibited by the liquid crystals medium. Liquid crystal is a
versatile anisotropic medium with very high dielectric anisotropy 2−5. Te rings in
liquid crystal medium give rise to novel toroidal-like magnetic modes and hybrid modes
at certain frequencies. By carefully designing the dielectric rings in the liquid crystals
one can find applications as optically active materials. Further performing a detailed
multipolar analysis is in order to obtain the details of the various electric and magnetic
modes excited at the resonance.
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Convergence Analysis for the General Linear Second
Order Hyperbolic Problem with Discontinuous

Coefficients
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In this paper, Galerkin finite element method is applied to analyze the general
linear second order hyperbolic equation with discontinuous coefficients. In recent
times, appearance of this type of equations has become common in the fields of
engineering [2, 3] and biomedical sciences [4] due to its large number of appli-
cations. So it is very important to provide a mathematical and numerical frame-
work for the general linear second order hyperbolic interface problem. A fitted
finite element method is proposed and analyzed for the interface problem. Well-
posedness of the model interface problem and a priori estimates of its solutions
are established. Typical semidiscrete and fully discrete schemes are presented and
analyzed. Optimal a priori error estimates for both semidiscrete and fully discrete
schemes are proved in L∞(L2) and L∞(H1)-norm. Finally, numerical results for
two dimensional test problem is presented in support of our theoretical findings.

Keywords: Finite element method, Interface, semidiscrete scheme, fully discrete
scheme, Optimal error estimate.
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Rapid solution of PDEs in complex geometries with
physics informed extreme learning machine

Vikas Dwivedi and Balaji Srinivasan
Department of Mechanical Engineering,

Indian Institute of Technology, Chennai, India-600 036
E-mail: me15d080@smail.iitm.ac.in, sbalaji@iitm.ac.in

Recently, Berg et. al [1] have developed a deep unified ANN algorithm to
solve partial differential equations (PDEs) on complex computational domains.
Their method is based on an ansatz for the solution which requires deep neu-
ral networks and an unconstrained gradient based optimization method such as
gradient descent or a quasi-Newton method. In this paper, we present physics in-
formed extreme learning machine (PIELM), a new machine learning algorithm,
which solves this problem with a much simpler neural network architecture and
an extremely fast learning routine. Finally, we show the result for solution of 2D
diffusion equation on a very complicated geometry.

Keywords: Partial differential equations, Physics informed neural networks, Extreme
learning machine, Complex geometries

Physics Informed Extreme Learning Machine
Traditional gradient-based learning algorithms have prohibitively slow learning speed
and they suffer from various problems like improper learning rate, local minima etc.
Huang et al.[2] originally proposed a novel learning algorithm called ELM to fix these
issues. ELM is a single layer feed forward neural network which randomly chooses
hidden nodes and analytically determines the output weights. In this paper, we used this
ELM architecture to solve linear 2D diffusion equation. We made our ELM
”physics-informed” by defining physics based loss function [3] as explained in next
paragraph.

Consider the following unsteady linear PDE

∂
∂t

u(−→x , t)+Lu(−→x , t) = R(−→x , t),(−→x , t)εΩx[0,T ], (1)

u(−→x , t) = B(−→x , t),(−→x , t)ε∂Ωx[0,T ], (2)

u(−→x ,0) = F(−→x ),−→x εΩ, (3)

where L is a linear differential operator and ∂Ω is the boundary of computational
domain Ω. We approximate u(−→x , t) with the output f (−→x , t) of PIELM. The loss
function is given by

J =
1
2
(
|(∂ f +L f )2|Ω + |( f −B)2|[0,T ]∂Ω + |( f (x,0)−F)2|Ω

)
. (4)
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Results
Consider 2D steady diffusion equation

uxx +uyy = R,(x,y)εΩ (5)

In this case, Ω refers to map of Illinois, which contains very small line segments and fine
details. We chose this geometry cannot be meshed easily by any mesh generator. The
expressions for R and the B are constructed by choosing the following exact solution

û =
1
2
+ e−((x−0.6)2+(y−0.6)2) (6)

Berg et. al[1] tested the same case on the map of Sweden. Their method takes thousands
of iterations to converge to the solution. However, PIELM calculates the solution
accurately just in one shot.

(a) PIELM solution. (b) Error plot.

Figure 1: Solution and error for 2D steady diffusion equation on Ω.
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An Overlapping Local Projection Stabilized

Finite Element Methods For Darcy Flow

1 Abstract

Local projection based stabilized methods for the finite element discretization
of the solution of Darcy flow offer several advantages as compared to mixed
Galerkin methods. In particular, it allows to use equal order interpolation spaces
for the velocity and pressure. We analyzes a generalization of the local projection
stabilizations with projection spaces defined on overlapping sets applied to the
Darcy flow in the nonconforming (the Crouzeix–Raviart element) finite element
spaces. The proposed discrete weak formulation is a combination of the standard
Galerkin method, LP stabilization, and weakly imposed boundary condition by
using Nitsche’s technique. The bilinear form corresponding to the proposed
stabilization satisfies an inf-sup condition with respect to the generalized local
projection norm and the convergence analysis leads to an optimal convergence
rate in this norm for the nonconforming space of finite elements. Numerical
results illustrate the theoretical considerations.
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Certified reduced order modeling for uncertainty
quantuification of stochastic dynamical systems
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In multi-quarry problems such as uncertainty quantification, computationally
expansive higher-dimensional model (HDM), is required to solve at multiple pa-
rameter values. As the multiple evaluations of HDM is a computationally pro-
hibitive task, usage of reduced-order model (ROM) in place of HDM could lower
the computational cost significantly. Among different types of ROM, proper or-
thogonal decomposition (POD) based ROM is increasingly used as it applies to
both linear and nonlinear dynamical systems. To built a POD based ROM, the
HDM is projected on a lower-dimensional subspace constructed applying the sin-
gular value decomposition on a collection of snapshots of the solution of the
HDM. However, POD based ROM lacks robustness over the parameter domain.
Its usage also incurs error in the solution. To address these issues, a posteriori er-
ror bounds are proposed for both linear and nonlinear dynamical systems. These
error bounds are combined to a greedy search to develop an algorithm for un-
certainty quantification. Three different numerical studies – Burgers’ equation,
bladed disk assembly and beam on nonlinear Winkler foundation are performed
to demonstrate the performance of proposed error bounds and the developed al-
gorithm. Speed up of more than two orders of magnitude is achieved.

Keywords: Stochastic structural dynamics, proper orthogonal decomposition, reduced
order model, greedy search
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Spectral element methods for 3D elliptic equations in
perforated domains
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In this paper we present a least-squares spectral element method for three di-
mensional elliptic partial differential equations in perforated domains. The formu-
lation is based on the minimization of a functional by the least squares method.
We develop numerical scheme, estimates for the error and thecomputational com-
plexity and present numerical results for validation of theproposed method.

Keywords: Spectral Element Methods, Elliptic Equations, PerforatedDomains

Introduction
Homogenization theory is the study of the asymptotic behaviour of solutions to partial
differential equations where high frequency oscillationsoccur. In the case of a
perforated domain the oscillations are due to variations inthe domain of the problem.
In this paper we propose a least-squares spectral element method for 3D elliptic
equations in perforated domains. These problems have attracted much attention over
past two decades in connection with applications. The studyof behavior of perforated
and skeleton structures is important to researchers working with cellular and composite
materials (lightweight materials) such as honeycombs, foams, wood, cork. Other
modern engineering applications include space antennas, solar panels, civil engineering
technologies, permeability of membranes and porous materials. Such problems arise in
chemistry, oil exploitation and other areas too.

(a) (b)

Figure 1: Examples of perforated domains

Let Y be the periodic domain andH be an open set ofY , with smooth boundary∂H = Γ,
such thatH̄ ∈ Y . Suppose thatH does not intersect the boundary∂Y . H represents a hole
in Y . Represent the domainY \ H by Ỹ .
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Consider the boundary value problem in the domainỸ , whose solution isY−periodic

Lw = f in Ỹ ,(
∂w
∂N

)

A

= g for x ∈ Γ. (1)

It is assumed that the differential operator

Lw(x) =
3

∑
i, j=1

− ∂
∂xi

(ai, jwx j)

is a strongly elliptic differential operator and satisfies the Lax-Milgram conditions.
Moreover,ai, j = a j,i for all i, j, andai, j are constants.
The method presented here will be nonconforming and we minimize a discrete
functional in the sense of least-squares to obtain the solution.
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Hybrid parallel smoother in Multigrid Method for
heterogeneous distributed systems

Neha Iyer and Sashikumaar Ganesan
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Modern-day supercomputers are equipped with sophisticated graphics process-
ing units (GPUs) along with high-performance CPUs. While GPU has emerged
as the sought after general-purpose accelerator in recent times owing to the ease
as programmability, but CPU has been reduced to a mediator performing data
transfer, launching kernel call to the GPU or waiting idly in cases of blocking de-
vice API calls. The practice of adapting existing algorithms specifically to GPU
has resulted in under-utilization of CPU computing power. In this respect, we
develop parallel smoothers used in the multigrid method viz. Jacobi, successive-
over relaxation (SOR) and Vanka-type, to maximize the combined utilization of
both CPUs and GPUs. We study the performance of multigrid method in terms
of total execution time by employing different hybrid parallel approaches, viz.
accelerating the smoothing operation using only GPU across all multigrid levels,
alternately switching between GPU and CPU based on the multigrid level and our
proposed novel approach of using combination of GPU and CPU across all multi-
grid levels. Our experiments demonstrate a significant speedup using the hybrid
parallel approaches, across different problem sizes and finite element types, as
compared to the MPI only approach. Further, the scaling performance of individ-
ual hybrid parallel approaches is improved by using a combination approach that
applies the suitable approach at each level of multigrid depending on a heuristic
parameter.

Keywords: Parallel multigrid method, multi-GPU, multi-core, hybrid CPU-GPU
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On Hybrid Explicit Scheme for Fourth Order
Nonlinear Diffusion Filter
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The multiplicative noise removal fourth order nonlinear anisotropic diffusion
filter is very stiff. Therefore the usually employed forward Euler in time and
central difference in space (FTCS) scheme for this model requires very small time
step size in obtaining reliable solution. In this talk, we develop a new explicit
scheme using the least square approximation for second order spatial derivatives.
We show that the presented scheme offers up to four times bigger time step size
than the standard FTCS scheme. We further improve the efficiency of this novel
scheme with fast explicit diffusion, and show through numerical experiments that
the hybrid scheme requires less computation time than the standard scheme while
offering the modest quality filtered image.

Keywords: Fourth order nonlinear PDE, Finite difference method, Image Denoising,
Fast explicit diffusion method
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A Novel Local Segmentation Model based on Active
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Abstract: Local segmentation is an important technique in image processing for
extracting desired object from the background. Unlike global segmentation in
which all objects are segmented, local segmentation is used to segment particu-
lar object of interest. In many applications, an object have multiple intensities
which makes it difficult to segment such object using existing local segmentation
models [1]-[4]. In this work, we present an interactive segmentation of the ob-
ject and background having piecewise homogeneous intensities. We introduce a
novel energy functional based on different intensities existing in the objects and
background which defined as follows:

F(Γ) = µ
∫

Γ
d(z)

( 1
M

M

∑
m=1

g(| Oum(z) |)
)

dz

+
∫

inside(Γ)

M

∑
m=1

λ1,m

(
1− 1

1+ k1,m

N1,m

∏
i=1

(um(z)−bI
i,m)

)
dz (1)

+
∫

outside(Γ)

M

∑
m=1

λ2,m

(
1− 1

1+ k2,m

N2,m

∏
j=1

(um(z)−bO
j,m)

)
dz,

where um(z) is mth component image in Ω with m = 1,2,3, · · · ,M, where M is
the number of channels. Γ is the boundary of the object, d(z) is a distance func-
tion and g(| Oum(z) |) is edge detector function. In addition, the parameters µ ,
λ1,m, λ2,m, k1,m and k2,m are all positive constants and controls the weight of each
term, and bI

i,m; i = 1,2,3, ...,N1,m and bO
j,m; j = 1,2,3, ..,N2,m are intensity value of

selected points inside and outside the objects in each component image m (m =
1,2,3, · · · ,M), respectively, where the superscript I indicates the points inside the
object of interest and O indicates selected points outside the object, and N1,m and
N2,m are number of selected points inside and outside the object in each component
image, respectively.
To minimize the proposed functional (1), we derived the Euler Lagrange equation
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which is given as

δε(φ)
[
µO.

(
W

Oφ
| Oφ |

)
− finside(z)+ foutside(z)

]
= 0 (2)

in the image domain Ω with the boundary condition W
δε(φ)
| Oφ |

∂φ
∂~n

= 0 on ∂Ω.

Where W = d(z) 1
M

M

∑
m=1

g(| Oum(z) |),

finside(z) =
M

∑
m=1

λ1,m

(
1− 1

1+ k1,m

N1,m

∏
i=1

(um(z)−bI
i,m)

)

and

foutside(z) =
M

∑
m=1

λ2,m

(
1− 1

1+ k2,m

N2,m

∏
j=1

(um(z)−bO
j,m)

)
.

The derived PDE (2) has been solved using AOS (Additive Operator Splitting)
method. Performance of the proposed method are assessed by testing the algo-
rithm on synthetic and real gray-scale/color images with and without noize, and
compared with state-of-the-art selective segmentation methods.

keywords. Segmentation, active contours, level sets, additive operator splitting
method, partial differential equations.

REFERENCES

[1] Noor Badshan, Ke Chen, Image selective segmentation under geomet-
rical constraints using an active contour approach. Commun. Comput.
Phys., 2009, 7(4): 759-778.

[2] N. Badshah, K. Chen, H. Ali, and G. Murtaza, Coefficient of variation
based image selective segmentation model using active contours, East
Asian J. Appl. Math., Vol. 2, pp. 150-169, 2012.

[3] D. Mumford, J. Shah, Optimal approximation by piecewise smooth
functions and associated variational problems, Communications on Pure
and Applied Mathematics, vol. 42, pp. 577- 685, 1989.

[4] T.F. Chan, L.A. Vese, Active Contours Without Edges, IEEE Transac-
tions on Image Processing, Vol. 10, No. 1, pp. 266-277, 2001.

ABSTRACTS - PRESENTATIONS

39



Indo-German conference on Computational Mathematics IGCM-2019

Extention of OpenFoam to simulate 6dof rigid body
motion using adaptively refined overset mesh

Ajit Kumar
Department of Mathematics,

Shiv Nadar University, Gautam Buddha Nagar, UP-201314, India
Email: ajit.kumar@snu.edu.in

OpenFoam is a popular open source Finite Volume Method (FVM) based CFD
solver. Multiple research groups and industries are accepting it as an inexpen-
sive alternative of commercial software like ANSYS. For one of our project we
needed to solve for rotation of wind-turbines under the actions of wind. In an-
other project we needed to solve for the trajectory of a projectile in a viscous
medium, e.g. a cricket ball’s flight path. Both of the these projects required us
to solve Navier-Stokes equation on a domain with moving boundary, where the
moving boundary is the surface of wind-turbine or the cricket ball. It is observed
that though OpenFoam in theory has all the tools needed to solve such problems,
but the codes are not structured for solving such large mesh deformations. For
example, in its current form it is not possible to use adaptive mesh and overset
mesh simultaneously. To work around these problems we developed two wrapper
codes sixDoFDynamicMotion and oversetAndAMRFvMesh which combines tools
already available in OpenFoam like force-integrators, adaptive-mesh-refinement,
overset-mesh, 6dof-solvers into two easily usable codes. We present here two ap-
plications: simulation of trajectory of a projectile motion in a viscous medium
(see Figure. 1), and rotation of wind turbines as a function of wind (see Figure 2).
The code structure and its usage will also be explained.

Keywords: Overset mesh, Adaptive refinement, OpenFoam

The c++ class sixDoFDynamicMotion integrates pressure and viscous force on
the immersed body, solves the equation of motion for the body, then communi-
cates the new position of the body for the next time step to the OpenFoam’s mesh
motion engine. The other class oversetAndAMRFvMesh combines two tools of
OpenFoam: overset mesh and adaptive refinement into one. An overset mesh al-
lows simulation around moving body by having a layer of mesh around the body
which glides over the background flow mesh. Adaptive refinement allows us to
have relatively coarse mesh in the regions away from solid motion, in turn saving
computational time.

1
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t = 0 s t = 0.5 s t = 1 s

Figure 1: Simulation of a projectile trajectory with adaptively refined overset mesh and
six dof solver. There is a layered mesh around the ball. As the ball moves, background
mesh refines in the ball region and unrefines once the ball has moved on. The bottom
three figures are wind speed plots.
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Figure 2: Simulation of rotation of a pair of vertical axis savonius turbines. Wind
hits the blades from right to left. For each iteration, force is integrated on the
blades and a 6-dof solver predicts its position in the next time step. The entire
mesh frame around the turbines rotates, but the background flow continues on a
structured mesh. (a) Mesh and schematics. (b), (c) are zoomed in view of the
mesh new the turbines. (d) Turbine position and wind profile at time 1.5s. (e)
Turbine position and wind profile at time 3 s.
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HPC in DNS of Cloud Microphysics: Droplets
Collision-Coalescence Detection Technique
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E-mail: bipink@tropmet.res.in, moumita.bhowmik@tropmet.res.in

High performance computing (HPC) is a powerful tool in atmospheric research
to accurately model the microphysics of clouds, giving a more accurate picture of
how cloud droplets behave in the real world. Availability of HPC has led to signif-
icant advances in direct numerical simulation (DNS) for dynamics of cloud droplets
in a turbulent environment. It is widely accepted that DNS with parallelization is one
of the preferred approach for essential analysis of cloud dynamics, such as turbulent
mixing of clear and cloudy air, aerosol activation, droplet growth due to condensa-
tion/evaporation or collision-coalescence, precipitation etc.
To detect binary collision between cloud droplets in a turbulent environment, an effi-
cient algorithm is implemented in our DNS. Since the droplets are moving in a tur-
bulent flow, considering only the geometric distance between two droplets’ center is
not an appropriate approach for collision detection. Therefore, to ensure that all possi-
ble collision-coalescences are taken into account, the collision pairs are detected using
their trajectories and allowed smaller droplet to merge with the bigger one. To deal
with a large amount of droplets into the entire computational domain (51.2cm3), high
level parallel (e.g. cell index, I/O optimization etc.) techniques for DNS code are em-
ployed. It is resulted in tracking a significant number of droplets collision and brought
the simulation of cloud turbulent flow close to real scenario. Moreover, due to the op-
timization techniques a noticeable reduction in read and write times of data files also
observed.

Keywords: HPC, DNS, Turbulent flow, Cloud droplets, Collision detection
technique.

Model Description

To describe the cloud model in turbulent flow, an Eulerian framework of flow
fields along with Lagrangian description of cloud water droplets has been
considered. Collision-coalescence process is studied in a cube box with
volume (51.2cm)3 and with periodic boundary conditions in all three spatial
directions. The box is spanned by an equidistance mesh with 5123 cells of
1mm mesh size. Initially, a cloud slab of droplets of radius 10µm and 20µm is
placed into the domain and allowed them to spread inside the entire domain
(Figure 1). Flow field equations are solved by pseudospectral method using
fast Fourier transformations. Time advancement is done by a second-order
predictor-corrector method. For detail description of the model, one can refer
Kumar et al. [1].

1
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Figure 1: Droplet Spreading in DNS domain

Collision-Coalescence Detection Algorithm
A cell index technique has been adopted for detecting collision between cloud
droplets. Following this technique, the computational domain is divided into
equal collision cells. To ensure that all possible collisions are taken into
account, the size of these cells are chosen such that the length of them are
greater than the distance that droplets can travel within a time step.
To obtain the collision time (tc ) for each droplet to collide with closest
neighbouring droplet, we solve the quadratic equation

|dx12 +w12× tc|= E12× (r1 + r2)

Here, dx12 is separation vector, i.e., difference between two droplets locations.
w12 is the relative velocity of the droplets, E12 is the collision efficiency and r
denotes the droplet radius. If the roots of the above equation are negative then
it indicates that the collision was already taken into account at earlier time
step. If the roots are complex that means collision is not possible in real
scenario. Hence, the droplet pair for which negative or complex values of tc
are obtained, is not considered further as a possible collision pair. In case of
two positive roots the smaller one is considered as the collision time and if it
satisfies 0 < tc < dt ( dt is the time step) then a collision is scheduled between
that particular droplet pair. Once the droplet pair collides to each other, the
coalescence process is also taken into account. This means, we allow the
smaller droplet to merge with the bigger one and update the radius as well as
velocity of the droplets.
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A mesh-free approach for parabolic type partial
differential equations

Sanjay kumar and Ram Jiwari
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E-mail: sanjaykumar2276@gmail.com, ram03fma[at]iitr.ac.in

In this work, the authors considered 1D, 2D and coupled parabolic type partial
differential equations with variable coefficients (NLSD) and introduced a mesh-
free method [1, 2, 3, 4] based on radial basis function for numerically solution.
Firstly, equation is discretized using local radial basis function based differential
quadrature method (LRBF-DQM) in spatial domain and subsequently, obtained
system of non linear ordinary differential equations (ode). Then the obtained sys-
tem is solved by RK-4 method. The multiquadric (MQ) radial basis function is
introduced to calculate the unknown weighting coefficients. The main advantage
of proposed method is it’s mesh-free property. Hence one can easily apply the
proposed method for any complex geometric domain and can be extended for
higher dimensional problems. The algorithm is more general due to meshfree and
C∞ properties of radial basis functions. Also, the stability analysis is presented.
Numerical experiments ensure that the proposed method is accurate and compu-
tationally efficient.

Keywords: Parabolic type partial differential equations, Differential quadrature
method, Radial basis function
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An efficient Newton-Multigrid solver for
viscous-plastic rheologies
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Abstract
Subject of this talk is the numerical treatment of complex rheologies for flow problems
in climate applications. One specific model under consideration goes back to Hibler (”A
dynamic thermodynamic sea ice model”, J. Phys. Oceanogr., Hibler 1979) and is used to
simulate sea ice dynamics in climate systems. Sea ice is modeled by the ice
concentration A ∈ [0,1] and the average ice thickness H ≥ 0, both being advected by the
ice velocity v. The velocity v is governed by a momentum equation

ρiceH
(

∂tv+ fc~k×v
)
−div σσσ−τττocean(v)−τττatm +ρiceHg∇H̃d = 0, (1)

with the ice density ρice, the water τττocean and and wind stress τττatm. The ice is assumed to
be a compressible fluid which follows a nonlinear viscous-plastic (VP) constitutive law.
The stresses σσσ are related to strain rate tensor ε̇εε by

σσσ = 2η(ε̇εε,P)ε̇εε+
(
ζ(ε̇εε,P)−η(ε̇εε,P)

)
tr(ε̇εε)I− P

2
I, ε̇εε =

1
2
(∇v+∇vT ), (2)

where P = P(A,H) is the ice strength. The viscosities ζ and η are given by

ζ(ε̇εε,P) =
P

2∆(ε̇εε)
, η(ε̇εε,P) =

1
4

ζ(ε̇εε,P),

∆(ε̇εε) =
√

∆2
min +(ε̇εε11 + ε̇εε22)2 +

1
4
[
(ε̇εε11− ε̇εε22)2 +4ε̇εε2

12

]
,

(3)

The parameter ∆min = 2 ·10−9s−1 limits the viscosities for vanishing shear rates. In the
regime of very small strain rates, sea ice behaves like a linear viscous material. The
model has similarities to the p-Stokes equations but for the exponent p = 1. Larger
values of p are used in modeling Glacier dynamics.

We present a new efficient Newton solver, analytically derive the Jacobian and show its
positive definiteness. The Jacobian is split into a positive definite part, which is assumed
to give stable convergence and a negative semidefinite part, which might be troublesome.
The negative semidefinite part is adaptively damped if convergence worsens and the
Newton solver turns towards a Picard iteration. We show the improved robustness of the
modified Netwon solver and compare it to a full Newton scheme. In every Newton step a
linear system of equations must be solved. We introduce a geometric multigrid solver [2]
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as preconditioner to accelerate the solution of the linear problems. We show that the
convergence rate of the multigrid method is robust with respect to mesh refinement. This
makes it an appealing method for high resolution simulations. We validate the
robustness of the linear solver and compare the multigrid preconditioner with an ILU
preconditioner. In particular on fine meshes multigrid preconditioning can substantially
reduce the computational effort and decreases iteration counts by up to 80%.
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Lattice Boltzmann Simulations for the micro-macro interactions during isothermal drying 
of porous media 

Debashis Panda, Supriya. B., Shubhani Paliwal, Vikranth Kumar Surasani* 

Birla Institute of Technology and Sciences, Pilani- Hyderabad Campus, Jawaharnagar, Hyderabad, India-500078 

Abstract 

Many profound numerical approaches have been introduced to understand the complex multiphase phenomena 
during drying of capillary porous media. Among which Pore Network Models (PNM)[1] and recently Lattice 
Boltzmann Models [2,3]shown promising results to understand. While, PNM fails to imitate the realistic bulk flow 
by averaging out the porous media into a set of pores and throats, LBM surpasses the former technique by being 
handy in handling fluid mechanics in intricate geometry and interface-tracking. LBM is a new mesoscopic method 
which acts as a Navier-Stokes solver at macro-scale and accompanying imitated molecular interactions at micro-
scale. The proposed work is to elucidate LBM solver as a candidate for the simulations of drying phenomena and 
establish as a proof-of-concepts of micro-macro interactions during drying of the porous media. 

The slow drying of capillary porous media is analogous to the imbibition of two-phase flow and thus phenomena 
such as capillary valve effect, bursting and merging invasion of pores and Haines jumps are also evident to occur in 
the drying phenomena. As shown in figure, the various stages of the fluid flow behavior at different periods of time 
are elucidated. First, the interface movement takes a halt at the pore-throat junction. Later, it bursts the pore 
suddenly due to contact angle instability and finally such bursting leads to sudden jumps of interfaces in the 
neighboring throats which is called Haines jumps. The sudden changes due to the Haines jumps directly affect the 
macroscopic drying kinetics and certain degree of changes occurs in the slopes of drying rate. The proposed 
presentation of the work is focused on such effects and comparison is performed between 4 different pore-shaped 
porous regimes i.e. (i) plain (ii) square (iii) circular and (iv) random. The drying rate of each network is discussed 
and corresponding phase-distribution and micro-dynamics of fluid transport related to drying rate will be elucidated.  

Keywords: Lattice Boltzmann Method, Haines jumps, Capillary valve effect, micro-macro interactions, drying 

 
Fig. 1(a) Phase distribution of different events during isothermal drying of porous media (b) Drying kinetics and 

effects of Haines jumps to the macroscopic scale 
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Abstract: Open channel confluence is an essential part of fluvial dynamics, irrigation and 

drainage network, water distribution system. Hydraulics of 90-degree laboratory style open 

channel confluence is studied using large eddy simulation (LES). Earlier studies on open 

channel confluence used Reynolds-averaged Navier-Stokes (RANS) equations supplemented 

with eddy viscosity models. As the flow features of channel confluence is highly three 

dimensional and complex, LES seems more suitable to understand and visualize the turbulent 

flow features. LES resolves large scale eddies and models the sub grid scale eddies. Lengths 

of the main channel and tributary channel are 3.5 m and 1.3 m, respectively. Widths and heights 

of both the channels are 0.15 m and 0. 0.23 m, respectively. The beds of the channels are flat 

and smooth. Cross-sections of the channels are rectangular. Computational fluid dynamics 

(CFD) software Fluent is used for this purpose. It solves three-dimensional spatially filtered 

Navier-Stokes equations. Sub-grid scale eddies are modelled using Smagorinsky model. 

Multiphase flow is adopted. Volume of fluid (VOF) method is used for free water surface 

tracking. Numerical simulations are obtained for discharge ratio 0.5 (ratio of main channel 

discharge to tributary channel discharge). Hexahedral mesh is chosen to avoid numerical 

diffusion. The viscous sublayer is also resolved. Cells near the wall is constructed such that 

non-dimensional wall distance is less than one. The computer programme was run using the 

High Performance Computing system of IIT Gandhinagar. The simulated results show that 

more than 80 percent of the turbulent kinetic energy is resolved. LES model is tested against 

the criteria of resolved turbulent kinetic energy. The simulated time-averaged results of 

velocity fields and water surface are validated against the experimental data. The characteristic 

flow features of the channel confluence: flow recirculation, secondary currents and mixing 

layer are investigated. Secondary currents play important role in mass and pollution transport 

at the confluence. Flow recirculation is formed at the downstream corner of the channel 

confluence. Streamlines, helicity and unsteadiness flow features are studied.  

Keywords: Channel Confluence; Large Eddy Simulation; Secondary currents; Separation 

zone; Helicity 
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Abstract: 

The fluid flow around circular or non-circular objects are common in nature as well as in engineering scenarios. 

The boundary layer and hence lift-and-drag forces on these obstacles vary depending upon the fluid type (i.e. 

either Newtonian or non-Newtonian), flow parameters (e.g. Reynolds number), geometry (size and shape) of the 

obstacle and relative placement of the object itself in the fluid path. A numerous fundamental studies, both 

experimental and computational have been performed in the past to study such a kind of bluff-body flows. Here, 

a kinetic theory based approach based on the discrete Boltzmann equation (commonly referred as the lattice 

Boltzmann method or LBM) is employed. The method is well established now to simulate flow of fluids of 

numerous types (Newtonian/non-Newtonian, compressible/incompressible) [1]. The method is highly suitable 

for parallel computations on high-performance computing (HPC) clusters. This is due to local collision term for 

the distribution functions and only next-neighbour shift representing streaming. The in-house C++ programming 

language based LBM algorithm is efficiently programmed using MPI bindings for parallel processing on HPC 

clusters. Further, the numerical stability of the LBM algorithm is important and may be tuned using high order 

lattice structures or sophisticated collision models. In this work, the parallel LBM algorithm, employing either 

BGK (Bhatnagar-Gross-Krook) [2], MRT (Multiple-Relaxation-Time) [3] or Cascaded (Central moment based) 

[4] collision models, is assessed for the non-Newtonian fluid flow over an obstacle. The simulations are carried 

out in a two-dimensional geometry with a confined boundaries (i.e. classical lid-driven cavity flow problem) and 

with an obstacle of circular and rectangular shape. The lift-and-drag forces and hence lift-and-drag coefficients 

are computed and (for a given grid-resolution) the results are compared for the employed collision model. 

Further, the influence of the initial position of the obstacle within the computational geometry, on these forces is 

studied. The effects of various parameters such as Reynolds number, dimensions of the obstacle are also 

examined. 

Keywords: non-Newtonian fluids; Lattice-Boltzmann method; Power-law model; Lift and drag coefficients. 
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Shreemayee Bora, Michael Karow and Nandita Roy
Department of Mathematics, Indian Institute of Technology Guwahati, India 781039
TU Berlin, Institut für Mathematik, Straße des 17.Juni 136,10623 Berlin, Germany

E-mail:shbora@iitg.ac.in, karow@math.tu-berlin.de , nandita.roy@iitg.ac.in

The linear dynamical system ẋ = Ax is asymptotically stable if x(t) converges
to zero as t → ∞ for all initial states. This is equivalent to all eigenvalues of A
lying strictly in the left half of the complex plane, or equivalently if the spectral
abscissa of A is negative. However, the spectrum alone may be misleading as
an indicator of the dynamic properties associated with A as small perturbations
to the matrix can result in large changes to the spectrum. The eigenvalues of all
complex matrices in a given ε neighbourhood of A, denoted by σε(A) is called
the ε-pseudospectra of A at level ε. It has long been recognized as an important
tool for analyzing the robust stability of systems. For the n×n matrix M in block
upper triangular form

M =

[
P R
0 Q

]
,

where P is an n1× n1 matrix and Q is an n2× n2 matrix, we are looking for an
approximation of σε(M) via the pseudospectra of the diagonal blocks P and Q.
There are several results in literature which give functions g(ε) so that

σε(M)⊆ σg(ε)(P)∪σg(ε)(Q)

forms an outer approximation of σε(M). For the inner approximation, all we know
is
σε(P)∪σε(Q)⊆ σε(M). So in order to have a tight approximation of σε(M), we
find functions f (ε)(> ε) such that

σ f (ε)(P)∪σ f (ε)(Q)⊆ σε(M).

Several results and numerical experiments for the inner approximation will be
presented in the talk.

Keywords: ε-pseudospectra, block upper triangular form, inner approximation.
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A compact RBF partition of unity method for solving
partial differential equations

Chirala Satyanarayana

Department of Mathematics
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Abstract

It is known that the Radial Basis Function (RBF) based Partition of Unity (PU)
[1] is developed using local RBF interpolation. Then the corresponding global
matrix is sparse, better conditioned in the expense of losing its spectral accuracy
as compared with global collocation methods. In the present work, to improve
the accuracy of RBF-PU, a Compact RBF-PU (CRBF-PU) scheme is proposed
using Hermite-RBF interpolation [2]. In this scheme, on each patch, the local
solution is obtained using Hermite-RBF interpolation, without disturbing the
sparseness of RBF-PU. Then it is validated on the elliptic partial differential
equations and compared the results with RBF-PU [1] and Kansa [3] methods.

Keywords: Partition of unity, Hermite-RBF interpolation, Inverse
multiquadric, Compact scheme, RBF-PU.
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Graph Based Algebraic Multigrid Method for Multicore
and Manycore Architectures

Manan Shah and Dr. Sashikumaar Ganesan
Department of Computational and Data Sciences,

Indian Institute of Science, Bangalore, India-560 012
E-mail: shahjayant@iisc.ac.in, sashi@iisc.ac.in

Multigrid Methods are widely used for solving large sparse linear systems that arise
from various discretization schemes applied to Partial Differential Equations (PDEs).
Algebraic Multigrid Methods (AMG) are preferred class of multigrid methods that are
used for solving sparse linear systems that arise while discretizing PDEs on complex
irregular domains where it is difficult to build hierarchy of meshes. AMG is also used
as preconditioners with Krylov subspace solvers like conjugate gradient method. Multi-
grid methods show ability to achieve linear complexity. But achieving linear complexity
of AMG on modern day multicore and many core architecture is a challenging task. In
this work, complexity of aggregation-based AMG on multicore architectures and accel-
erators (Graphic Processing Units (GPUs)) is investigated. An implementation utilizing
graph based approach for coarsening will be presented. Constructing Prolongation op-
erators in AMG takes significant portion of total solving time. The implementation
exploits Compressed Sparse Row (CSR) storage format for matrices to accelerate con-
struction of prolongation operators. Moreover, Heavy Edge Matching based coarsening
strategy helps to construct coarser levels in linear time. Experiments are performed
with different system sizes of upto 64 million and different coarsest level direct solvers.
Number of levels in multigrid also plays an important role in overall complexity of
AMG. A scheme for deciding number of levels in AMG is proposed. The implementa-
tion is able to achieve linear complexity for system sizes of 64 million in single core as
well as multicore environments. Graph based approach helps to achieve good scaling on
multicore architectures till it reaches the bandwidth bound of multicore architectures.

Keywords: Algebraic Multigrid, multicore, GPUs
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Stochastic mechanical analysis of
heterogeneous-anisotropic bone tissue

Sharana Kumar Shivananda, Bojana Rosićb, Hermann Matthiesa

a Institute of Scientific Computing, Technical University of Braunschweig, Germany
b Applied Mechanics and Data Analysis, University of Twente, Netherlands

E-mails: s.shivanand@tu-bs.de, b.rosic@utwente.nl, wire@tu-bs.de

Human bone tissue is a typical example of material which exhibits randomness
in the mechanical response due to an uncertain heterogeneous micro-structure and
uncertain directional dependency of material constants. By extending already ex-
isting deterministic models derived from the Helmholtz free energy, the objec-
tive of this talk is to develop an appropriate heterogeneous-anisotropic material
description in a probabilistic framework. In this study, instead of performing
stochastic parametric modelling of material constants belonging to a given ma-
terial symmetry, the emphasis is given on building the entire positive-definite
elasticity tensor as random. Due to essentially large number of parameters de-
scribing the material model, the process of obtaining the functional representation
of the stochastic response is often proven to be computationally expensive. To
relieve the computational demand, in this work will be considered multi-fidelity
uncertainty quantification approaches.

Keywords: uncertainty quantification, stochastic material modelling, multi-fidelity
stochastic approximation, anisotropy modelling
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Superconvergence of Discontinuous Galerkin
Method For Nonstationary

Convection-Diffusion-Reaction Problems

Gautam Singh and Natesan Srinivasan
Department of Mathematics,

Indian Institute of Technology, Guwahati, India-781039
E-mail: gautamsingh@iitg.ac.in, natesan@iitg.ac.in

We study the non-symmetric interior penalty Galerkin method for parabolic
convection-diffusion-reaction problems. The discontinuous Galerkin method is
applied separately in space and time, in general, different nonconforming space
grids on different time levels and different polynomial degrees p and q in space
and time discretisation, respectively. We established superconvergence error bounds
of O(h(p+1)+ k(q+1)) in the discrete energy norm. Finally, the convergence result
is verified numerically.

Keywords: Singularly perturbed differential equation, Discontinuous Galerkin finite
element method, Shishkin mesh, Superconvergence.

Introduction
Singular perturbation problems (SPPs) generally occurs when a small parameter
multiplies with its highest order derivative in differential equations. Numerically
computing the approximate solution for SPPs is a difficult task because of its boundary
layer behavior, i.e., the solution varies rapidly in a very thin layer near the boundaries.
Traditional methods, such as finite element and finite difference methods on uniform
meshes do not work well, for these problems as they often produce oscillatory solutions
which are inaccurate when the diffusion parameter is sufficiently small. There are
several article and book available in literature to overcome these difficulties. For more
details, the readers are referred to books [1]. Discontinuous Galerkin (DG) methods are
effective numerical methods for solving differential equation. Early work on DG
methods can be found in Reed and Hill [3] and Arnold [2], etc. In the discretisation of
Nonstationary problems, there are many articles that uses the space semidiscretization.
In this approach, the DGFEM discretisation with respect to space variables only is
applied, whereas time remains continuous. These method have low order of accuracy in
time. Numerical simulation of strongly nonstationary transient problems requires the
application of numerical schemes of high order of accuracy in space as well as in time.
So, it appears suitable to use the discontinuous Galerkin discretization with respect to
both space and time. In this article, we use the idea from [4] for the superconvergence of
nonsymmetric interior penalty Galerkin method and extended the same idea for the
discontinuous Galerkin discretization with respect to time. More work on parabolic
problem can be found in [5] and reference therein.
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we consider two-parameter singularly perturbed convection-diffusion-reaction problem:





ut− εuxx +b(x)ux + c(x)u = f (x, t), x ∈Ω = (0, 1)× (0, T )

u(x, 0) = u0(x),

u(0, t) = u(1, t) = 0,

(1)

here, 0 < ε� 1 is a small parameter and b(x)> β > 0. In the time interval (tm−1, tm) we
use a finite element space Vh,m ⊂ H1

0 (Ω) of linear elements for the discretisation in
space. Moreover we define

Sq
h,k = {φ ∈ L2(Ω) : φ|(tm−1, tm) ∈ Pqwith coefficients from Vh,m },

where Pq is the space of polynomials of degree q. For the discontinuous function in time
we introduce the jump at tm by

[φ]m = φ+
m−φ−m

Then by the discretization is given by: Find U ∈ Sq
h,k with

∑
m

∫ tm

tm−1

((U ′, φ)+B(U, φ))dt +
M

∑
j=2

([U ]m−1,φ+
m−1)+(U+

0 , φ+
0 ) =

∫ tM

0
( f , φ)dt +(u0,h,φ+

0 ) (2)

for all phi ∈ Sq
h,k. Here u0,h is an approximation of u0 and B(u, v) is defined as

B(u, v) = B1(u, v)+B2(u, v)−B2(v, u)+B3(u, v), where

B1(u, v) =
N

∑
j=1

ε
∫

K j

u′(x)v′(x)dx+
N

∑
j=1

∫

K j

(a(x)u′(x)+b(x)u(x))v(x)dx,

B2(u, v) =
N

∑
j=1

ε{u′(x j)}[v(x j)],

B3(u, v) =
N

∑
j=0

σ j[u(x j)][v(x j)]+
N

∑
j=0

a(x j)[u(x j)]v(x−j ),

Let u be the solution of the problem (1) and U be the solution of the problem (2), then

‖|u−U‖| ≤C(h(p+1)+ k(q+1)).
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Numerical simulation of nonlinear weakly singular
partial integro-differential equations arising from

viscoelasticity

Somveer Singh and Vineet Kumar Singh
Department of Mathematical Sciences,

Indian Institute of Technology(Banaras Hindu University), Varanasi, India-221 005
E-mail: rathaurbhu.90@gmail.com, vksingh.mat@iitbhu.ac.in

In this study, we propose and analyze a wavelets collocation method (WCM)
combined with operational matrix approach for the nonlinear weakly singular par-
tial integro-differential equation (SPIDE) arising from viscoelasticity subject to
the given initial and boundary conditions. This problem can be found in the math-
ematical modeling of physical phenomena involving viscoelastic forces. Opera-
tional matrix of integration of Legendre wavelets along with collocation method
are utilized to reduce the original SPIDE into the nonlinear system of nonlinear
algebraic equations. Convergence analysis, numerical stability and rate of con-
vergence (C-order) of the proposed method are also investigated by considering a
test function. Numerical results confirm the predicted convergence rates and also
exhibit optimal accuracy in the L2 and L∞ norms.
Keywords: Operational Matrices, Collocation method, Convergence analysis

Section I
many physical phenomena can be described by integro-differential equations with weakly
singular kernel. For example, these equations occur in the study of many viscoelastic
phenomena. This work is concerned with the Legendre wavelets collocation method
(LWCM) for the numerical solution of the following nonlinear SPIDEs:

∂u
∂t

=−u
∂u
∂x

+
∫ t

0
(t− s)−1/2uxx(x,s)ds, (x, t) ∈ Λ(= [0,1]× [0,T ]) (1)

with boundary conditions

u(0, t) = u(1, t) = 0, 0≤ t ≤ T, (2)

and initial condition

u(x,0) = f (x), 0≤ x≤ 1, (3)

where, f is known function and the function u is unknown which should be determined.
The problem (1)-(3) can be found in the modeling of physical phenomena involving

viscoelastic forces, heat flow in materials with memory, linear viscoelastic mechanics,
and population dynamics. The integral term in Eq.(1) represents the viscosity part of
the equation in which the kernel function has a weak singularity at the origin. This is
particularly interesting in viscoelasticity because it might smooth the solution when the
boundary data is discontinuous.
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Section II
The existence and uniqueness of the solution of the problem (1)-(3) have aalready been
established by Lopez-Marcos [1] under the following conditions:

• utt ,uttt and uxxtt are continuous for 0≤ x≤ 1 and 0≤ t ≤ T .

• There exists a positive constant M such that for 0 ≤ x ≤ 1 and 0 ≤ t ≤ T ,the fol-
lowing hold:

| utt(x, t) |≤Mt−1/2

| uttt(x, t) |≤Mt−3/2

| uxxtt(x, t) |≤Mt−1/2

In general, partial IDEs are difficult to solve analytically so it is required to obtain an ef-
ficient approximation by applying numerical methods. Main challenges in solving these
kind of problems, both numerically and analytically, are due to different factors such as
large range of variables, nonlinearity and non-local phenomena, multi-dimensionality,
etc. To overcome these difficulties, wide class of numerical methods such as spectral
methods, finite difference methods and finite element methods were developed for the
partial IDEs but, all these methods have their own drawbacks. Spectral methods have
problems capturing large irregularities of the solution. The main difficulty of existing
adaptive finite difference methods or finite element methods is developing computation-
ally efficient robust adaptive procedure, which dynamically adapts the computational grid
to local structure of the solution.

Due to the advantages of wavelets, such as good localization properties, orthogo-
nality, multi resolution analysis and computational efficiency, it has made a lot of suc-
cess in many different fields of science and engineering. Motivating by the properties
of wavelets, we developed a computational algorithm based on the operational matrices
of two dimensional Legendre wavelets to obtain the numerical solution of the problem
(1)-(3). The proposed method based on Legendre wavelet basis can combine the advan-
tage of infinitely differentiable function with small compact support. Also the operational
matrices of Legendre wavelets are sparse one, which makes computation easy and fast.
On the other hand, finite-difference, finite-volume and finite-element methods use basis
with small compact support but poor continuity properties.
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Numerical study of heat and mass transfer in fluidized beds using

discontinuous Galerkin methods.
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Abstract

Fluidized bed spray granulation (FBSG) is a process used for forming particles from liquid
solutions and for coating particles with solid layers to enhance their handling properties. In
this work, we deal with a set of five coupled nonlinear convection-diffusion-reaction equations
along with their respective boundary conditions These equations govern the process of heat
and mass transfer in fluidized beds. The primary variables in these equations are air humid-
ity, temperature of air, degree of wetting, temperature of liquid and temperature of particle.
The equations have been discretized in space using discontinuous Galerkin (DG) method for
the problem in two dimensions. Implicit Euler method has been used for time discretization.
The Newton method was used for linearization and the BiCGSTAB method with ILU precon-
ditioner to solve the system of linear algebraic equations. A detailed a priori error estimate
for DG discretization of all primary variables have been derived using a combination of energy
norms and L2-norms. This has been done using the theory of broken Sobolev spaces for DG
discretization. Numerical results for all state variables have also been presented. These have
been validated using the total mass balance equations. A third order EOC has been achieved for
polynomial test functions of degree 2 and a second order EOC has been achieved for polynomial
test functions of degree 1, which agree with theoretical estimates.

Keywords. fluidized bed, convection-diffusion-reaction, discontinuous Galerkin method, a priori
error estimates.
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Comparitive analysis of RBF-PUM and FD based
collocation schemes for pricing European basket option

Manoj K. Yadav and Chirala Satyanarayana

Department of Mathematics, Mahindra École Centrale, Hyderabad, India

Abstract

European basket option pricing problem via numerical resolution of the correspond-
ing multi-dimensional analogue of the Black-Scholes-Merton equation is considered.
Numerical schemes based on finite difference method for high dimensional PDEs are
known to suffer from the curse of dimensionality and instabilities due to systems involv-
ing high dimensional dense matrices. Recent advances in approximation of multivariate
functions by linear models involving translates of suitable radial functions (radial basis
functions) have led to investigation and development of new numerical schemes based
on radial basis function (RBF) approximation. However, a global RBF approximation
of solutions to general PDE problems requires resolution of dense and ill-conditioned
systems leading to instability. A local RBF approximation based on partition of unity
method (PUM) is used for approximating the Black-Scholes-Merton partial differen-
tial operator with a finite dimensional system. A comparitive study of four numerical
schemes, namely, the RBF-PUM scheme, RBF-FD scheme, simple FD scheme and
RBF-PUM explicit-implicit time-stepping scheme, is undertaken.

Keywords : European option, Basket option, Black-Scholes PDE, RBF-PUM method,
Partition of unity method
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An efficient numerical solution to Burgers’-Huxley
equation using fourth order B-spline collocation

method
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Keywords: Burgers’-Huxley equation, Cubic B-spline, Collocation method, Crank
Nicolson method.

Abstract
Cubic B-spline collocation method has been successfully applied to numerically solve
Burgers’-Huxley equation which depicts a prototype model for describing the
interaction between reaction mechanisms, convection effects and diffusion transport.
The proposed scheme is fourth order convergent. Crank Nicolson scheme has been
employed for the discretisation. Quasi-linearization technique has been employed to
deal with the non linearity of equations. The stability of the method is discussed using
Fourier series analysis (von Neumann method) and it has been observed that the method
is unconditionally stable. In order to demonstrate the effectiveness of the scheme,
numerical experiments have been performed on various examples. Strength and
reliability of the solutions obtained are compared with results available in literature. The
computed numerical solutions are in good agreement with the exact solutions and
competent with those available in the literature. High efficiency is the key feature of the
proposed method. The method is suitable for solving such problems with minimal
computational efforts. Hence it requires very less storage space and execution time.
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Evolution of the 1-D Model of Coupled Natural
Circulation Systems

Akhil Dass D and Sateesh Gedupudi
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E-mail: akhildass.d@gmail.com, sateeshg@iitm.ac.in

The 1-D semi-analytical modeling of Coupled Natural Circulation Loop (CNCL)
systems with increasing complexity and utility are presented in the present work.
A 1-D control volume whose cross-section is equivalent to the conduit cross-
section is considered and the governing equations are derived. The governing
equations are then simplified employing Fourier series. The equation set of ordi-
nary differential equations after appropriate truncation of Fourier nodes are con-
sidered. The transient solution of the system is then obtained via numerical inte-
gration.

Keywords: Natural Circulation loop, Heat exchanger, 1-D Modeling, Fourier series

Introduction and modeling approach
A CNCL system is a buoyancy driven device composed of component Natural Circulation
Loops (NCL) coupled at a common heat exchange section. A CNCL system represents a
heat exchanger system with both fluids at the hot and cold sides propelled by buoyancy.
It has no moving parts and is a simplified version of passive systems used to remove
residual heat from nuclear reactors. Thus, the modeling of such systems is imperative in
understanding the nature of such systems. The modeling approach is presented in figure
1a. The governing equations of loop 1 the CNCL system represented by figure 2c are:

ρ1
dω1(t)

dt
+

4τ1

Dh
=

ρ1gβ1

2(L+L1)
(
∮
(T1 −T0) f1(x)dx)− nKρ1ω2

1

4(L+L1)
(1)

∂T1

∂t
+ω1(t)(

∂T1

∂x
) = H1(x, t)+a1

∂2T1

∂x2 (2)

Equation 1 represents the momentun equation and Equation 2 represents the energy
equation for a single phase CNCL. f (x) represents the orientation of the CNCL w.r.t.
gravity, H1(X) represents the locations of heating and cooling on the CNCL for Loop
1. Detailed study of CNCL represented in figure 2c can be found in [1]. From figure
1b we observe a good agreement between 1-D and 3-D CFD results thus showcasing the
potential of the 1-D model to capture the physics accurately. The objective of the present
work is to present the 1-D model evolution from NCL to more complex systems such as
those presented in figure 2d which are much closer to reality.
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1-D semi analytical modeling approach of CNCL system

1

• Derivation of the transient 1-D CNCL equations.

• Nondimensionalization of the CNCL equations.

2

• Converting the PDE system to ODE format. employing the 
Fourier series of the boundary conditions.

3

• Integration of the resulting non dimensional ODE system to 
obtain the transient CNCL behavior using appropriate initial 
conditions.

(a)

Figure 1: (a)Flow chart describing the modeling approach, (b) Comparison of
1D model with 3-D CFD for geometry represented by figure 2c.

Evolution of 1-D model from NCL to complex CNCL

+𝑄′′

−𝑄′′

(a)

+𝑄′′

Heat exchanger

(b)
+𝑄′′

−𝑄′′

(c)
+𝑄′′

−𝑄′′

(d)

Figure 2: (a) NCL with heat flux boundary condition (b) NCL with heat ex-
changer at cooling section (c) CNCL with heat flux boundary condition (d) Com-
plex CNCL.

Figure 2 presents the evolution of the 1-D model from NCL to complex CNCL sys-
tems. The complex CNCL system can be modeled using the same approach as mentioned
in the flow chart from figure 1a. The Partial Differential Equations (PDE) are derived for
the complex CNCL system and are reduced to system of ODEs employing Fourier series.
The ODE system is then integrated numerically to obtain the transient dynamics of the
case considered. The advantages of such models are that the non-dimensional numbers
which govern their behavior are discovered and also aids in the design for such systems.
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Dynamical survey of the dual power
Zakharov-Kuznetsov-Burgers equation with

external periodic perturbation

Amiya Das
Department of Mathematics,
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We investigate the dynamical behavior of the newly introduced dual power
Zakharov-Kuznetsov-Burgers (ZKB) equation. We use bifurcation theory of pla-
nar dynamical systems and demonstrate bifurcations of traveling wave solutions
of the equation in presence and absence of viscosity effect. Considering an exter-
nal periodic perturbation, the periodic and chaotic motions of the perturbed dual
power ZKB equation are investigated by analyzing phase projection analysis, time
series analysis, Poincaré section and sensitivity analysis.

Keywords: Dual power ZK-Burgers equation, Bifurcation, Periodic motion, Chaotic
motion.

Introduction
Nonlinear partial differential equations are widely used to describe physical phenomena
in various aspects of physical areas, such as fluid dynamics, plasma dynamics,
condensed matters, lattice dynamics, nonlinear optics etc. The investigation of chaotic
features of a nonlinear physical system in presence of an external periodic perturbation
can be executed through different possible routes: (i) period doubling route to chaos, (ii)
quasiperiodic route to chaos and (iii) intermittent bifurcation and crisis.
In this present work, we introduce the ZK-Burgers equation with dual power
nonlinearity for the first time as

qt +(aq+bq2)qx + c(qxx +qyy)x +µ(qxx +qyy) = 0 , (1)

where a,b are coefficients of nonlinear terms, c is the coefficient of dispersion term and
µ is the coefficient of dissipation. Eq. (1) describes nonlinear traveling waves in
dissipative plasmas and fluid systems. We generalize Eq. (1) by introducing an external
periodic perturbation f to the dual power ZK-Burgers equation and introduce the
perturbed dual power ZK-Burgers equation as

qt +(aq+bq2)qx + c(qxx +qyy)x +µ(qxx +qyy) = fx . (2)

Equivalent dynamical system is

qξ = z ,

zξ =
v
cl

q− a
2c

q2− b
3c

q3− µ
cl

z+ f0 cos(ωξ) , (3)

where f0 =
f∗
2 is the strength of the external periodic perturbation and ω is the frequency.
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Figure 2: (a) Phase portrait, (b) variation of q with respect to ξ of the perturbed dynamical
system (3) for a = 0.8, b = 1.5, c = 1, l = 0.7, v = 0.0426, µ = 0.01, ω = 0.3 and f0 = 0.25.

Dynamical survey
We consider the unperturbed dynamical system by assuming f0 = 0 in (3) and explore
the characteristic behavior of the traveling wave by using bifurcation theory of planar
dynamical system. The equilibrium points of the dynamical system are
(0,0) ,(q1,0) ,(q2,0), where

q1,2 =
−3al±

√
9a2l2 +48blv
4bl

. (4)

We also carry out the investigation of periodic and chaotic motions for traveling wave
solutions of the perturbed dynamical system (3).
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Converging Cylindrical Strong Shock Wave in
Magnetogasdynamics
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The similarity solutions to the problem of cylindrically symmetric strong shock
waves in an ideal gas with a constant azimuthal magnetic field is presented. The
flow behind shock wave is assumed to spatially isothermal rather than adiabatic.
The Lie group theoretic method is used to obtain the possible class of self-similar
solutions. The method is quit useful as it reduces one-dimensional flow repre-
sented by system of partial differential equations (PDEs) to a system of ordinary
differential equations (ODEs) by mean of similarity variables. Infinitesimal gen-
erators of Lie group transformations are determined by using the invariance con-
ditions to the system. The arbitrary constants, occurring in the expressions for
the generators of the local Lie group of transformations, give rise to four different
possible cases of the solutions. We observed that out of four only two cases hold
the similarity solutions. One of which follows the power law and another fol-
lows the exponential law. Numerical calculations have been performed to obtain
the similarity exponents and comparison is made with the existing results in the
literature. The flow patterns behind the shock are analyzed graphically.

Keywords: Cylindrical shock waves, Ideal gas, Magnetogasdynamics (MGD),
Similarity solutions.

Introduction
Converging strong shock wave problem becomes a field of continuing research interest
as it generates high pressure and temperature plasmas at the center of convergence. High
temperatures and pressures at the center of the convergence of cylindrical or spherical
shock waves give rise to the various interesting applications such as detonation, fusion
initiation, and destruction of kidney stones. The equation of motion of gas in a
one-dimensional space is the system of partial differential equations and, therefore
explicit solutions cannot be given in general. Therefore, this system of PDEs can be
solved by using their symmetry generators. By using the symmetry generators of the
system of PDEs, we can construct group invariant solutions and by using these invariant
solutions, we can convert the system of partial differential equations (PDEs) into the
system of ordinary differential equations (ODEs). The obtained system of ODEs can be
solved by using some numerical techniques. Guderley [4] was the first who theoretically
analyzed the cylindrical/spherical symmetric converging shock wave problem near the
axis/center of convergence propagating through a perfect gas at rest, which is a
remarkable example of a self-similar solution of the second kind. The entire class of
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similarity solutions to the one-dimensional, time-dependent problem in shock
hydrodynamics has been obtained by Logan and Perez [2] by using the Lie group
method. In the present paper, we have applied the Lie group of transformation method
mentioned in Bluman et al.[3] and Logan and Perez [2] to obtain the similarity solutions
of the described problem.

Basic Equations and Similarity Solution
The system of equations governing is given as:

∂ρ
∂t

+u
∂ρ
∂r

+ρ
∂u
∂r

+
ρu
r

= 0,
∂h
∂t

+u
∂h
∂r

+h
∂u
∂r

= 0, (1)

∂u
∂t

+u
∂u
∂r

+
1
ρ

[
∂p
∂r

+µh
∂h
∂r

+
µh2

r

]
= 0,

∂T
∂r

= 0,

The Rankine-Hugoniot (R-H) jump conditions at the shock are given by:

u1 =
2

γ+1
V,ρ1 =

γ+1
γ−1

ρ0, p1 =
2

γ+1
ρ0V 2,h1 =

γ+1
γ−1

h0, (2)

where suffix 1 denotes the value of parameters just behind the shock.
The invariance group reduces the number of independent variables in the system of
PDEs by one and thereby the system of PDEs (1) can be reduced into the system of
ODEs. We have solved the obtained system of ODEs together with boundary conditions
by using Runge-Kutta method of order four and computed the values of similarity
exponent δ. Also, the comparison has been made between the computed value of delta
and the value of delta obtained by Guderley’s method and we found the results are in
very good agreement. We compared our computed similarity exponent with the
similarity exponent obtained by Levin and Zhuravskaya [1] in the absence of magnetic
field and are well matches.
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The generalization of Laplace transform and its
application in fractional calculus
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This paper presents the generalization of Laplace integral transform. Definition,
condition for its existence, uniqueness, its inverse, and the transformation of con-
volution of two functions are discussed in this paper. We have also discussed some
other important properties like the transformation for multiplication of two func-
tions, shifting, and the change of the scale properties of the introduced transform.
To show its applications, we have solved some generalized fractional differential
and integro-differential equations with the help of generalized Laplace transform.

Keywords: Fractional derivatives, Generalized fractional operators, Laplace
transforms, Fractional integro-differential equations
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Virtual element method for the nonlinear
convection-diffusion-reaction equation
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Abstract

Consider the nonlinear convection-diffusion-reaction equation
{
−ε∆u+ p(x) · ∇u+ αu(x) + r(u) = f(x) in Ω

u = g on ∂Ω

where Ω ⊂ R2 is a bounded open set, ε ∈ R, α ∈ R+, p ∈ H1(Ω) ∩ L∞(Ω), r(u)
is the nonlinear term with suitable assumptions and f, g ∈ L2(Ω) with ε > 0. We
will introduce the virtual element method (VEM) [1, 2] which is characterized by
the capability of dealing with very general polygonal/polyedral meshes and the pos-
sibility of easily implementing highly regular discrete spaces. Indeed, by avoiding the
explicit construction of the local basis functions, the VEM can easily handle general
polygons/polyhedrons without complex integrations on the element.

We will derive the consistent stabilized VEM formulation for nonlinear convection
diffusion reaction equation which reduces the local oscillations in the neighbourhood
of sharp layers such that the discrete formulation is compatible with the VEM us-
ing the projection operators Π∇ and Π0 since the basis functions in VEM are not
known explicitly, but only through their degrees of freedom. For the stability and
apriori estimates we use the differential operator to be split into its symmetric and
non-symmetric parts and conditions for stability and accuracy on their discrete coun-
terpart are established. An optimal apriori H1 and L2 error estimates will be derived
for the proposed scheme, under suitable assumptions. Numerical experiments will be
shown on a set of convex and non-convex polygonal meshes to illustrate the rate of
convergence and its robustness.

Keywords: virtual element, nonlinear, convection-diffusion
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Numerical simulation of blood flow in aorta
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Mathematical modeling and numerical simulations are being used in biomedicine
as a tool to study the physiology of the cardiovascular system. Computational
hemodynamics now provides many instances in which the diagnosis of cardio-
vascular disease (CVD) can be assisted with sufficient accuracy and enables the
clinicians to adopt optimal treatment methodologies. The present work aims to ad-
dress and validate algorithms to efficiently predict the hemodynamics in arteries.
In our numerical experiments, we used the Navier-Stokes equations as the govern-
ing equations of blood flow for the calculation of the velocity field and pressure
distribution in the blood [1]. The neo-Hookean hyperelastic model was used for
the description of the behavior of the arterial wall. The numerical algorithm rely
on the finite element simulation of the fluid-structure interaction between blood
flow and arterial wall deformation. In our first numerical experiments, the velocity
and pressure distributions are analyzed.

Keywords: Finite element method, Fluid-structure interaction, Hemodynamics
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Applying the Regression Technique for Prediction of Cardiovascular Disease in Healthcare 

 

Abstract 

Background: According to the World Health Report 2002, Cardiovascular Diseases (CVD) will be the 

largest cause of death and disability in India by 2020. World Health Statistics 2016 claimed 17.5 million 

lives in 2012, 46% of all Noncommunicable Disease deaths and 6 million of which were under age 70. 

Cardiovascular diseases are one of the highest-flying diseases of the modern world; the treatment of the 

said disease is quite high and not affordable by most of the patients, particularly in India. Quality 

improvement is, therefore, a major strategic issue in health care organizations and improvements have to 

be implemented to reduce costs and increase quality. 

Regression analysis is a statistical technique used to measure the relationships between variables for the 

purpose of predicting future values. This technique is used by researchers in many areas, especially in 

health sciences. The main objective of the study is to predict the prevalence of risk factors for 

cardiovascular disease by using the Regression Technique. This type of prediction model might have 

applications outside the hospital setting to give accurate advice to patients to influence them to seek care 

in inappropriate situations. 

Methods: This was a prospective descriptive study conducted at the Department of Cardiology, JSS 

hospital. A total of 336 records were highly relevant in predicting Cardiovascular disease from 

echocardiography dataset were analyzed by applying the Regression techniques. The simple random 

sampling technique was applied to gather information about gender, age, locality, education level, 

occupation, marital status, and risk factor; Hypertension, alcohol intake, smoking inappropriate and 

exercise. Regression techniques were used to identify the risk factors that affect disease with probability 

value p < 0.05 at the 5 % level of significance. Data was entered and analyzed in the R- Studio. 

Results: The results show that the CVD and risk factors are increasing at a rapid pace in the Indian 

population. The purpose of this study is to develop a diagnosis model that performed well in predicting 

the presence of cardiovascular diseases based on patients' echocardiographic reports. The risk factors are 

found higher in the urban population than in rural. All variables were shown statistically significant 

variation between disease patients and non-disease patients. The prevalence of CVD was significantly 

higher in men than in women and Hypertension is the major cause of cardiovascular diseases, whereas 

alcohol, smoking, and exercise are the causes contributing to the disease. 

Conclusion: This study was to determine if a clinical software application could be written using a 

regression model that could successfully predict the likelihood of cardiovascular disease based on risk 

factors and it a handy tool to train medical students and junior cardiologists to diagnose patients with 

cardiovascular disease in healthcare. 

 

Keywords: Cardiovascular Diseases; Risk factors; Regression Technique 
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Extension-torsion-inflation coupling in compressible
magnetoelastomeric thin tubes with helical magnetic

anisotropy

Darius Diogo Barreto, Ajeet Kumar and Sushma Santapuri
Department of Applied Mechanics

Indian Institute of Technology,Delhi India-110016
E-mail: darius.diogo@gmail.com

We present an axisymmetric variational formulation for coupled extension-
torsion-inflation deformation in compressible magnetoelastomeric thin tubes when
both azimuthal and axial magnetic fields are applied. The tube’s material is as-
sumed to have a preferred magnetization direction which lie in the radial plane
but at an angle from the tube’s axial direction - this imparts helical magnetic
anisotropy to the tube. We have also derived the expressions of first derivative
of free energy per unit tube’s undeformed length with respect to various imposed
strain parameters. On applying the thin tube limit, the two nonlinear ordinary
differential equations to obtain the in-plane radial displacement and radial com-
ponent of Lagrangian magnetic field get converted into a set of three simple alge-
braic equations. This allows us to obtain simple analytical expressions in terms of
the applied magnetic field, magnetization direction and magnetoelastic constants
which tell us how these parameters can be tuned to generate positive/negative
Poisson’s effect in such tubes. We consider both torsionally constrained and tor-
sionally relaxed stretching of the tube. The study can be useful in designing mag-
netoelastic tubular actuators.

Keywords: Nonlinear magnetoelasticity, extension-torsion coupling, negative
Poisson’s effect, helical anisotropy, thin tube
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Numerical Analysis of Magneto Hall Effect on
Unsteady Pulsatile Couette Flow of Maxwell

Nanofluid with Slip Convective Wall

M Enamul Karim and M Abdus Samad
Department of Applied Mathematics,

University of Dhaka, Dhaka-1000, Bangladesh
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The present article is made with the aspiration to discover the Magneto Hall
effect on the pulse driven Couette flow of Maxwell nanofluid restrained between
two parallel plates with convective upper wall beneath the combined effects of
Brownian and thermophoresis diffusions. The Buongiorno’s model is exercised
to demonstrate the current flow analysis efficiently. In this analysis, water is taken
as the base fluid; copper (Cu) and silver (Ag) are retained as nanoparticles. The
governing flow equations are generalized with the help of boundary layer approx-
imations. The finite difference method is applied to generate the model equations
numerically. The consequences of non-dimensional parametric effects like Brow-
nian motion parameter, Biot number, Hall parameter, stretching and slip velocity
parameters, and pressure gradient are conferred graphically. It is to note that an
imperative outcome achieved from the current study is that the heat transfer can
be controlled by the Biot number for both steady and pulsatile pressure gradients.
As a final point, skin friction and Nusselt number are anticipated in numeric form
with an excellent agreement of previous researches.

Keywords: Couette flow, Finite difference method, Hall effect, Maxwell model,
Nanofluid
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Abstract. 
In the present article, we have studied the micropolar fluid stagnation point flow over a 
stretching/shrinking sheet with the second order velocity slip. Thermal radiation and 
MHD stagnation point flow of a micropolar fluid over a shrinking sheet is investigated. 
The assumptions on the micropolar fluid flow are that two-dimensional, steady, laminar 
and incompressible. The similarity transformation is used to convert the partial 
differential equations (PDEs) into the ordinary differential equations (ODEs). The 
numerical results have been found by the shooting technique with fourth order Adams-
Bashforth Moulton method. The effect of different parameters such as the micropolar 
parameter, the magnetic field, Prandtl number, aligned angle of magnetic field, 2nd 
order slip, stretching/shrinking rate, first order slip, suction parameter, viscous 
dissipation and thermal radiation on the velocity, microrotation and temperature 
profiles are analyzed through tables and graphs. 
 
 
Keywords: Micropolar Fluid, Thermal Radiation, Shrinking Sheet, Viscous 
Dissipation, Adams – Bashforth Moulton method. 
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Numerical study of natural convection in an anisotropic porous
cavity due to sinusoidal heat flux: effect of periodicity parameter

Harish Chandra and P. Bera
Department of Mathematics,
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In the present study, a comprehensive numerical investigation of the natural convection in a hydro-
dynamically, as well as thermally anisotropic porous enclosure, is carried out. The flow is induced
due to applied sinusoidal heat flux on the horizontal walls as well as the insulation of vertical walls.
Two different cases (case I and case II) are considered. In case I, the applied heat flux on top as well as
bottom walls are same, whereas, in the case II the applied heat flux on the bottom wall is just opposite
of the top wall. Non-Darcy model has been adopted and the coupled governing equations are solved
numerically by SIMPLER algorithm. However, this method has its own limitations, while solving
non-linear PDEs. First, the choice of no. control volume is a function of controlling parameters such
as Ra and Da. Second, the convergence of the iterative scheme is also play an important role, while
solving the discretized equation.

Keywords: Natural convection, SIMPLER, anisotropic porous medium, non-Darcy model, singularity

Problem description
The problem of natural convection related to flow through porous medium includes several applications in the
filed of science and engineering such as geothermal science [1] , paper manufacturing [2], underground rock
formation and other anisotropic rocks [3]. Particularly, convection induced due to non-uniform sinusoidal
boundary conditions can also be seen in different applications [4].
We have considered a two dimensional natural convection inside a fluid-saturated porous square cavity with
side L, as shown schematically in figure 1. The gravitational force is aligned in the downward direction. It is
assumed that the fluid and porous medium are in local thermal equilibrium state. The thermophysical
properties of the fluid is constant except density evolved in the buoyancy term. The fluid that saturates the
porous matrix is modeled as a Boussinesq fluid whose density varies linearly with temperature as,
ρ f = ρ0[1−βT (T −T0)].
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Figure 1: Schematic of the physical problem

The non-dimensional governing equations for the steady state flow and heat transfer in the Cartesian
coordinate system (x,y) are given by

∂u
∂x

+
∂v
∂y

= 0 (1)
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1
ε2

[
u

∂u
∂x

+ v
∂u
∂y

]
=−∂p

∂x
+Pr∇2u− Pr

Da
(bu− cv) (2)

1
ε2

[
u

∂v
∂x

+ v
∂v
∂y

]
=−∂p

∂y
+Pr∇2v− Pr

Da
(−cu+av)+RaPrθ (3)

u
∂θ
∂x

+ v
∂θ
∂y

=
∂2θ
∂x2 + k∗

∂2θ
∂y2 (4)

Where, a,b, and c are defined by K∗ sin2(φ)+ cos2(φ), K∗ cos2(φ)+ sin2(φ), and (1−K∗)sin(φ)cos(φ),
respectively. K∗ =

Ky∗
Kx∗

, k∗ = ky∗
kx∗

, where Ky∗ (Kx∗) and ky∗(kx∗) are permeability along y∗(x∗) direction and
thermal conductivity along y∗(x∗) direction, respectively.
The non-dimensional boundary conditions over the walls of the cavity are given by:

u = 0,v = 0,
∂θ
∂x

= 0, x = 0, 1 (5)

Case I : u = 0,v = 0,
∂θ
∂y

=

{
sin(Nπx), at y = 0,
sin(Nπx), at y = 1. (6)

Case II : u = 0,v = 0,
∂θ
∂y

=

{
−sin(Nπx), at y = 0,
sin(Nπx), at y = 1. (7)

Numerical method and some results
The coupled governing partial differential equations (1)-(4) in the study state, along with hydrodynamical and
thermal boundary conditions (5)-(7) are solved numerically by using the standard SIMPLER algorithm [5]. In
the entire calculation, we have utilized the uniform staggered grids in x and y directions to handle the
velocities, pressure and temperature coupling. In this technique, the discretization process is done by using
the power-law scheme for the coefficients of the neighboring points as given by Patankar [5].After this
discretization process, the conservation equations are converted into a system of linear algebraic equations,
which are solved using a line by line procedure in the whole domain of the enclosure. In this procedure the
tridiagonal matrix algorithm (TDMA) is used. The convergence criterion is based on the residue of continuity
equation in the entire domain which is less than or equal to 10−8. The detailed description of the different
steps involved in this procedure is given in the Ref. [6].
The influence of periodicity parameter (N) as well as anisotropy parameters (K∗, φ) on the flow dynamics as
well as heat transfer rate have been addressed. From our numerical experiment it has been found that for case
I the flow structure is multicellular. Depending on the value of N as well as media permeability, this
multicellular structure may be bi-cellular or tri-cellular or tetra cellular. However, the structure of flow
dynamics under case II is always unicellular. In general, for sinusoidal heat flux with periodicity, N, the
profile of local heat transfer rate under case I possesses (N −1) points of singularity. The point of singularity
introduces a hyperbolic type of temperature contour. In contrast to case I, the local heat transfer profile is
found to be free from point of singularity under case II.
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Wavelet based solution to 1D and 2D Burgers’ and
coupled Burgers’ equation
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Four new numerical methods based on quasilinearization and Haar and Leg-
endre wavelets are presented here to solve two dimensional Burgers’ and cou-
pled Burgers’ equations. The proposed methods are all independent of Hopf-Cole
transformation. One of the advantages of the proposed schemes is that they cap-
ture the physical behavior of Burgers’ and coupled Burgers’ equations efficiently
for large Reynolds numbers with less number of grid points in contrast to the
methods available in the literature. Further, straightforward numerical implemen-
tation makes them an effective alternative to existing schemes. Finally, through
the extensive numerical experiments one can also suggest the choice of suitable
schemes among the proposed methods.

Keywords: Burgers’ equation, Chebyshev wavelet, Collocation method, coupled
Burgers’ equation, Haar wavelets, Legendre wavelets.

0.1 Introduction
Nonlinear parabolic partial differential equations often represent mathematical models
that describe many physical phenomena such as convection, diffusion and reaction.
Some of the examples are (i) Burger’s equation that arise from fluid flow modelling, (ii)
Coupled Burgers equation that arises in in the field of physics, engineering and other
sciences. In our present article, we propose wavelet based numerical scheme that
provides more stable and highly accurate solution to the following problems.

P1 : Two dimensional Burgers-Fisher equation [2? ]

wt +α(wβwx +wβwy) = ε(wxx +wyy)+g(x,y, t) (1)

where α,β and ε are non-negative constants.

P2 : Two dimensional coupled Burger’s equation [? ? ]
{

ut − ε(uxx +uyy)+uux + vuy = 0
vt − ε(vxx + vyy)+uvx + vvy = 0 (2)

where ε is a non-negative constant.

with initial and Dirichlet boundary conditions.Various analytical and numerical methods
are developed to solve problems P1 and P2. Few of the methods are Haar wavelet
collocation method (HWCM) [2], homotopy perturbation method (LTNHPM) [1] and
Legendre wavelet collocation method (LWCM) [2].
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0.2 Numerical Experiments
(2D coupled Burgers equation) [1] (2D Burgers’ equation) [2]

Figure 1: HWM solution of u(x,y, t)
for Coupled Burgers’ equation with
Re = 104 and J = 3 at t = 2.

Figure 2: LWFDM for Burgers’
equation with N = 16, Re= 120, h=
10−02 and t = 1.
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Let X be a complex Banach space and L(X) be the Banach space of all bounded
linear operators on X . be a complex Banach space and L(X) be the Banach space
of all bounded linear operators on X . Let Ω ⊂ C be open and connected. Let
T,V : Ω−→ L(X) be holomorphic operator-valued functions. We consider the one
parameter family of operator functions W (λ, t) := T (λ)+tV (λ), for t ∈C, and an-
alyze evolution of the discrete eigenvalues of W (λ, t) when t varies in C. We pro-
vide a brief review of the discrete spectrum of T (λ) and present several equivalent
characterizations for discrete eigenvalues of T (λ). We also prove Rouche’s theo-
rem for operator functions under a weaker assumption, which we utilize to derive
perturbation bounds for the discrete eigenvalues of W (λ, t) when |t| is small.

Keywords: Banach space, Fredholm operator, operator function, spectrum, discrete
spectrum, discrete eigenvalues, linearization.

Introduction
Let X be a complex Banach space and L(X) be the Banach space of all bounded linear
operators on X . Let Ω⊂ C be open and connected. Let T : Ω−→ L(X) be holomorphic
and regular, that is, T (λ) is invertible for some λ ∈Ω. The nonlinear eigenvalue problem
is to solve T (µ)v = 0 for µ ∈Ω and a nonzero vector v ∈ X . Nonlinear eigenvalue
problems arise in many applications and the numerics of nonlinear eigenvalue problems
is an emerging area of research; see [1, 2, 3] and the references therein. For example, the
nonlinear eigenvalue problem

T (λ)v := (λI−A0−
m

∑
i=1

Aie−λτi)v = 0

aries in the study of the delay differential equation

dx
dt

(t) = A0x(t)+
m

∑
i=1

Aix(t− τi),

where x(t) ∈ Rn is the state variable at time t, Ai’s are n×n matrices, and
0 < τ1 < τ2 · · · ,τm represent the time-delays [4]. The spectral analysis of operator
functions such as T (λ) has been studied extensively. As such a nonlinear eigenvalue
problem is difficult to solve and approximation of the nonlinear eigenvalue problem by a
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simpler one that is easier to solve is a favoured option. Thus, often the operator function
T (λ) is approximated or perturbed by another operator function V : Ω−→ L(X) so that
the perturbed eigenvalue problem (T (µ)+V (µ))u = 0 is easier to solve. However, to the
best of our knowledge, spectral perturbation theory for operator functions has not
received much attention. The purpose of this paper is to fill this gap.
The main aim of this paper is to analyze discrete spectra of the one parameter family of
holomorphic operator function W (λ, t) := T (λ)+ tV (λ) for t ∈ C. First, we present a
brief review of discrete spectrum of T (λ) and discuss several equivalent
characterizations of discrete spectrum of T (λ). Second, Rouche’s theorem states that if
f ,g : Ω−→ C are holomorphic and Γ is a simple closed rectifiable curve and if
maxz∈Γ |g(z) f (z)−1|< 1 then f and f +g have the same number (counting
multiplicities) of zeros inside the curve Γ. An operator analogue of Rouche’s theorem is
proved in [5, 6] which states that if T (λ) and V (λ) are Fredholm for all λ ∈Ω and if
maxz∈Γ ‖V (z)T (z)−1‖< 1 then T (λ)+V (λ) is Fredholm for all λ ∈ Int(Γ), the region
enclosed by the curve Γ, and that T (λ) and T (λ)+V (λ) have the same number of
eigenvalues (counting multiplicities) in Int(Γ). We show that for discrete eigenvalues,
Rouche’s theorem holds under a weaker assumption. In fact, for bounded operator
functions T (λ) and V (λ), we prove the following: Suppose that Γ encloses only discrete
eigenvalues of T (λ) and that maxz∈Γ rσ(V (z)T (z)−1)< 1, where rσ(A) is the spectral
radius of an operator A. Then both T (λ) and T (λ)+V (λ) are Fredholm operators of
index zero for all λ ∈ Int(Γ) and that T (λ) and T (λ)+V (λ) have the same number
(counting multiplicities) of (discrete) eigenvalues in Int(Γ). Third, if µ is a discrete
eigenvalue of T (λ) of algebraic multiplicity ` enclosed by Γ then we determine a disc
∂Γ ⊂ C and show that Int(Γ) contains exactly ` discrete eigenvalues (counting
multiplicities) µ1(t), . . . ,µ`(t) of W (λ, t) for all t ∈ ∂Γ. Further, we show that
t 7−→ µav(t) := (µ1(t)+ · · ·+µ`(t))/` is holomorphic on ∂Γ. Finally, if ν is the ascent of
µ then we show that there exist positive real numbers δ,τ and real constants α,β
(independent of t and V ) such that

‖tV‖< δ =⇒ |µ j(t)−µ|ν ≤ α‖tV‖ for j = 1,2, . . . , `,

‖tV‖< τ =⇒ |µav(t)−µ| ≤ β‖tV‖.
We also obtain estimates of τ and β when µ is a simple eigenvalue of T (λ).
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Abstract 

 

Predicting tumor cell growth and proliferation can be modelled by mathematical formulation. 

Proliferation is an important part of tumor development and progression. Low oxygen levels in 

tumor cells may be a basic cause of uncontrollable tumor growth in some cancers. In this study a 

coupled approach for the development of tumor involving the effects of oxygen and nutrient 

concentration together is analyzed using continuous and discrete models. Numerical study is a 

process by which a real world problem is described by a mathematical formulation. Mathematical 

modelling and simulation has very important role in predicting tumor cell growth and proliferation. 

The model is solved numerically using finite difference method and simulated using MATLAB. 

The effect of varying the magnitudes of parameters is analyzed. The obtained results were 

compared with an experimental result and the convergence is observed. 

 

Keywords: Tumor growth, proliferation, nutrient concentration, oxygen concentrations 
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High speed Hermite interpolation by a
non-stationary subdivision scheme
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Subdivision is a process of generating curves/surfaces by iteratively refining
a set of control points according to some specific refinement rules. The set of
these specific rules are called the subdivision scheme. If the specific rules are
same for all iteration it is called stationary otherwise it is called non-stationary.
In this paper, we introduce a new non-stationary subdivision scheme for generat-
ing curves. It is constructed from a quadratic trigonometric Bezier spline curve.
It interpolates the functional values as well as the derivative values. Thus it is
a Hermite-interpolatory subdivision scheme. Using eigenvalue analysis we show
that the proposed scheme is C1. We show that the proposed scheme converges
quadratically. We also show that the proposed scheme can be considered as a vec-
tor subdivision scheme and we found its Holder regularity using the joint spectral
radius.

Keywords: Subdivision scheme, Hermite interpolation, Trigonometric Bezier spline,
Eigenvalue, Vector subdivision scheme, Joint spectral radius, Holder regularity
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In this paper a new three step iterative method is proposed based on the New-
ton’s method to obtain the numerical solutions of nonlinear equations. We proved
that our method possess fifth order convergence and the efficiency of the proposed
method is shown by the numerical examples comparing with existing methods.

Keywords: Iterative method, Convergence, Nonlinear equation.
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Exact traveling wave solutions and bifurcation
analysis of time fractional Kadomtsev-Petviashvili
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In this article our focus is on the time fractional Kadomtsev-Petviashvili mod-
ified equal width equation in the sense of modified Riemann-Liouville derivative.
We investigate the dynamical behavior of the system using bifurcation theory for
different parametric values present in the equation. We also depict the phase por-
traits of the traveling wave solutions and the contour plot of the Hamiltonian in
different parametric regions and obtain explicit traveling waves. We apply the
(G’/G)-expansion method and the F-expansion method along with fractional com-
plex transformation and obtain a variety of exact traveling wave solutions includ-
ing solitary wave, kink-type wave and breaking wave solutions of the equation.
Furthermore, the remarkable features of the traveling wave solutions are demon-
strated through interesting figures.
Keywords: Fractional differential equation, KP equation, Modified equal width
equation, Bifurcation theory, Phase portraits, (G′/G)−expansion method, F−expansion
method, Traveling wave solution, Jacobi elliptic functions

Section I
The study of nonlinear wave solutions of fractional differential equations (FDEs) is the
fascinating area in nonlinear model equations. The FDEs have an extensive applications
in the field of physics, biology, chemistry, engineering, finance etc. The (2+1)
dimensional Kadomtsev and Petviashvilli (KP) equation is

(ut +6uux +uxxx)x +uyy = 0 , (1)

where x and t are non-dimensional space and time and u(x, t) represents the water
velocity.
The modified equal width (MEW) equation with fractional temporal evolution is read as

Dα
t q+a(q3)x−bDα

t qxx = 0 . (2)
In this work we introduce the time fractional modified equal width (MEW) equation
formulated in Kadomtsev and Petviashvilli (KP) sense in the form

[Dα
t q+a(q3)x−bDα

t qxx]x + cqyy = 0 , a > 0,abc 6= 0 . (3)
We consider all possible bifurcations and obtain the analytical solutions using
(G′/G)-expansion method and F-expansion method with the help of Jumarie’s modified
Riemann-Liouville derivative along with complex fractional transformation of the
equation (3).
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Section II
We obtain wave solutions corresponding to all the phase trajectories of the dynamical
system which is equivalent to the KPMEW equation with fractional temporal evolution.
The solitary wave solution and breaking wave solution of (3) corresponding to pair of
homoclinic orbits and bounded open orbits respectively are given by (see Fig.2)

q(x,y, t) =

√
2(v− c)

a
sech

(√
v− c
bv

(x+ y− vt)

)
,b > 0 (4)

q(x,y, t) =

√
2(v− c)

a
csc

(√
−v− c

bv
(x+ y− vt)

)
,b < 0 . (5)
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Figure 1: Phase portrait for different traveling waves.
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Figure 2: Profile of (a) solitary wave solution (5), (b) breaking wave solution (5).

References

[1] A.M. Wazwaz, The tanh and sine-cosine methods for a reliable treatment of
the modified equal width equation and its variants, Commun. Nonlin. Sci.
Num. Simul, 11, 148-160 (2006).

[2] A. Biswas, Soliton perturbation theory for the generalized equal width
equation, Pac. J. Appl. Math, 1, 99-103 (2008).

2

ABSTRACTS - PRESENTATIONS

89



Indo-German conference on Computational Mathematics IGCM-2019

Development of Web based Pneumonia Diagnosis
System using Deep Learning Framework

Palani Thanaraj K and Parvathavarthini B
Department of Electronics & Instrumentation Engineering, Department of Computer

Science & Engineering
St. Joseph’s College of Engg, Anna University, Chennai, India-600 119

E-mail: palanithanaraj.k@gmail.com, parvathavarthini@gmail.com

Here we discuss the development of a cloud computing based pneumonia dis-
ease diagnosis system using open-source deep learning algorithms. It can assist
the physician to do the screening of chest X-ray images and classify the images
as normal or pneumonia. The system uses a transfer learning approach to train
the VGG16 network for Pneumonia detection. Cloud-GPU is used to perform
the accelerated training of the deep neural network. The system achieved a peak
detection accuracy of 0.97 for a test set of 100 chest X-ray images.

Keywords: Deep Learning, Transfer Learning, VGG16, Cloud Computing, Pneumonia
Detection

Computer Aided Diagnosis of Pneumonia
The proposed pneumonia detection system is developed as a cloud-based service which
trains the deep neural network on the cloud and stores the trained model for clinical
trials. Fig. 1(a) illustrates the proposed cloud computing based Pneumonia detection
system. The steps involved in the development of the proposed system are discussed
below:

1. X-ray Dataset: Chest X-ray images of normal and pneumonia patients are
collected from an online source, Kaggle. The X-ray images are resized to a
uniform image size with the horizontal resolution of 224 pixels and a vertical
resolution of 224 pixels. Python libraries such as SCIPY, KERAS and SCIKIT
are used for pre-processing of the images.

2. Configuration of the Deep Learning Environment: The design and development of
deep learning models for pneumonia detection are done on cloud computing
infrastructure. In this work, Google Cloud Computing (GCP), a leading cloud
service provider is selected for configuring the necessary infrastructure and tools
for setting up the deep learning environment for disease detection. A standard
virtual machine (VM) of n1-standard-4 with 4 vCPUs and 15 GB RAM memory
is initialized on the cloud. Moreover, NVIDIA Tesla K80, a cloud-GPU is used
for accelerated training of the deep learning model (VGG16).

3. Transfer Learning of VGG16: The proposed system involves applications of
VGG16 for pneumonia detection from X-ray images. This deep learning model is
trained on millions of images and can classify 1000 different types of images[1].
But in order to use it for pneumonia diagnosis application, the VGG16 network is
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modified to learn the features of the pneumonia disease. This is accomplished by
the transfer learning approach. In the transfer learning method, it involves
retraining the top layers of the VGG16 that consist of high-level features. The
weights are altered to learn the pneumonia features from the images. The training
time of the VGG16 model is reduced by tapping the parallel computing ability of
the Cloud-GPU. A total of 1000 chest X-ray images of normal/pneumonia
condition are used for training and 200 images for validation of the model.

4. Design of Web Portal: The trained models are deployed for clinical trials through
a simple user interface web portal system. Fig.1(b) shows the snapshot of the web
portal that runs on GCP AppEngine. The web app is developed using a Python
Web framework called Flask. The portal accepts chest X-ray images in JPEG and
PNG file formats. The system takes the image input and uses the VGG trained
model to detect the pneumonia disease. The system outputs the preliminary
results with the probability of disease occurrence. Thus a comprehensive
computer-aided pneumonia diagnosis system is developed on the cloud and is at
the disposal of the physician for a faster screening of pneumonia disorders
through chest X-ray images.

Web based Pneumonia diagnosis

Code

Build

Test

                                         Cloud Infrastructure

    Chest X-ray       Image Data

Python     WebApp

(a) CAD System for Pneumonia Detection

(b) Web Interface of the CAD tool

Figure 1: Web based Pneumonia diagnosis system
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Abstract: This article examined the steady fully developed hydromagnetic natural convection 

flow in a vertical micro-porous-channel under the influence of heat generation and viscous 

dissipation. The influence of velocity slip and temperature jump is taken into account. 

Introducing the non-dimensional variables, exact analytical solutions for the energy and 

momentum equations are obtained using perturbation method. The impact of each governing 

parameter on the non-dimensional velocity, temperature, skin friction coefficient and heat 

transfer coefficient at the micro-channel surfaces is examined through graphs and tables. In 

particular, increasing the value of heat generation parameter enhances the fluid velocity and 

temperature. Furthermore, it is noticed that the skin friction coefficient increases at the cold 

wall and decreases at the hot wall whereas the heat transfer coefficient decreases at the cold 

wall and increases at the hot wall with an increase in the heat generation parameter. 

Keywords: MHD flow, viscous dissipation, heat generation, velocity slip, temperature jump. 
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Wind energy conversion from transportation has drawn its attention around
the globe. Research and experimentation towards this potential technology have
been progressing up in recent times. Therefore a real-life scenario of energy har-
vesting from a passing metro train using a savonius wind turbine array has been
numerically studied with all physical realistic condition. A speeding train creates a
tremendous gust of wind around its surface which progresses with the speed of the
train. The developed slipstream wind has an abundant quantity of kinetic energy
which can be recovered and converted to useful wind power.Modest modification
on a conventional turbine design can enhance the power efficiency of a savonius
wind turbine. Therefore a modified turbine array model is tested by placing it
in close proximity within the train slipstream regime. A 2D numerical t study
was performed utilizing open-source CFD toolbox OpenFOAM-v1812 with over-
set mesh motion RANS solver overPimpleDyMFoam using SST k-ω turbulence
model. The entire investigation was established with a coupled translation motion
for the train and wind-induced turbine rotation to estimate the energy recovered
from the wakes.

Keywords: Train, Savonius wind turbine, Wind-driven, Slipstream, Overset mesh
method, Computational fluid dynamics.

0.1 Computational methodology

0.1.1 Computational domain and Boundary conditions
A Linear arrangement was tested as shown in Fig. 1. For the linear arrangement both the
separation distance between the two turbines were kept as S = 0.5.
The adopted boundary conditions for the turbine array study has been detailed in Fig.
2.The geometry for the study is divided in to stationary background fluid domain,
rotating turbine and translating train, all the components are merged to form a composite
overset structure.
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Figure 1: Layout of two savonius turbines in (a) parallel alignment and (b)
Oblique arrangement

Figure 2: Computational domain and boundary conditions for the turbine array.

0.2 Performance analysis

0.2.1 Parallel arrangement
To investigate the effect positive coupling between the turbines, two turbines with
parallel arrangement separated by a distance S = 0.5m has been studied. Savonius wind
turbines display an augment in the overall power output when installed in close
proximity. From Fig.3a Turbine-1 performs ahead of Turbine-2, the presence of
Turbine-1 close to Turbine-2 hinder the performance of Turbine-2 while enhancing the
power output of Turbine-1. Turbine-1 predicts two dominant peaks in torque generation
with an averaged torque coefficient Ct 0.23, which is an increase of 27.78% from the
single turbine study. The averaged torque coefficient Ct for Turbine-2 is 0.147 which is
well below the torque coefficient predicted by the single turbine study but the overall
torque coefficient Ct is 0.19 which is an increase of 5.56% from single turbine study.
Similar effect has been predicted in the rotational speed with Turbine-1 display a well
predicted linear acceleration seen in Fig.3b.Till t = 5.3s Turbine-1 linearly accelerates
maintaining a good self-starting phenomenon. The angular velocity of Turbine-1
progress linearly before encountering the equilibrium stage after t =5.3 as train entirely
leaves the domain. The steady progress in the linear accelerating phase and sustaining at
a rotational speed around 3.9rad/s in the equilibrium stage even after the train leaves
suggesting positive interaction among the turbine and way ahead of the single turbine
study. while Turbine-2 under performs with considerably low acceleration suggesting
that Turbine-2 was forced to low-speed wake vortices. From Fig.3b the linear
accelerating phase is quite steep with an insignificant increase in rotational speed of
Turbine-2. Suggesting that rotation of Turbine-2 is highly disturbed as the rotation of the
advancing blade is retarded. The velocity contour plot in Fig.4 illustrates the influence
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Figure 3: (a) Predicted torque coefficient Cm and (b) angular velocity from array
of turbines at separation distance S = 0.5m.

of slipstream wake on a turbine array. Turbine-1 experiences the deflected wind from the
frontal impact zone of the train which provides better self-starting characteristics to
Turbine-1 as it observes all possible wind from the frontal impact, while Turbine-2 falls
in the wake regime of Turbine-1. Between t = 2s-3.5s both the turbines are influenced by
the wake from the front impact and the boundary layer region thus conferring a peak in
torque coefficient. Again Turbine-1 was able to recover most of the wind energy in the
boundary layer region but Turbine-2 experiences highly disturbed low-speed wake flow
as Turbine-1 endures as an obstruction for its rotation. While between t = 3.5s-4.5s the
turbine experience the strong wake vortices from the rear of the train as shown Fig.4,
from the disturbed near and far wake vortices Turbine-2 was able to recover
considerable power but by the time the angular rotation of Turbine-1 is extremely
developed. Later on after t = 5s, the strength of the wake becomes too weak to drive the
turbines thus reducing the torque. The beneficial interaction among the turbines
argument the performance of individual turbine thus enhancing the overall power output.
A detailed view of the positive coupling between the turbines from the slipstream wake
is presented in Fig.5 From Fig.5 at t = 2s Turbine-1 experience the frontal impact from
the train slipstream and tend to linearly accelerate, while Turbine-2 gets less flow as it
falls in the wake of Turbine-1. Turbine-1 experience a complete flow acceleration on the
convex side of the advancing blade while for Turbine-2 the intense of flow acceleration
in the convex side is considerably low. At t = 2.4s the advancing blade’s convex side of
Turbine-1 encounter strong acceleration flow with enhanced blade tip vortices due to
combination of deflected wake from the returning blade of Turbine-2. High acceleration
in the flow is a product of low-pressure formation which enhances Turbine-1 power. The
aforementioned phenomenon alters the rotation of the advancing blade of Turbine-2 thus
reducing its power output. Again at t = 3.2 s the deflected wake from the returning blade
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Figure 4: Velocity contour plot of array of turbines.

of Turbine-2 combines with the accelerating flow on the advancing blade of Turbine-1
and enhances the strength of its blade tip vortices. The Turbine-1 holds the complete
slipstream flow from the train and deflected wake from Turbine-2. At t = 3.8s Turbine-1
experiences enhance flow acceleration in the returning blade which lows the pressure
and curtails the negative torque.

Figure 5: Positive interaction field among the turbines at S = 0.5m.
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Computational fluid dynamic approach to design the
bio-inspired sensor chamber for volatile detection of

electronic nose applications
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The concept of the electronic nose has evolved from the human olfactory sys-
tem with the aim to mimic the biological system of the human nose for odour
perception. Olfaction is strongly affected by airflow dynamic behaviour inside
the nasal cavity. Therefore, understanding the airflow dynamics in the human
nasal cavity and implementing this behaviour for the sensor chamber design can
improve the performance of an electronic nose in terms of sensitivity, stability, re-
sponse time. The main objective of this research is to analyze the dynamics of the
airflow in the human nasal cavity and to understand how the flow happens and af-
fect our olfactory system with different flow rates. The fluid dynamics simulation
can be used to evaluate the sensor chamber’s performance in terms of sensitivity,
stability, repeatability, and response time.

Keywords: Nasal Cavity, Laminar Flow, Computational Fluid Dynamics, Electronic
Nose, Sensor Chamber, Numerical Simulations

Aerodynamics simulation in the human nasal cavity
Simulations are performed for the flow rates of 7.5, 10 and 15 L/min to analyse the nasal
airflow parameters such as velocity and pressure, and different flow profiles. In addition,
the effects of vortices were studied in nasal valve and turbinate region on both sides of
the cavities. In this study conservation equation of mass and Navier-Stokes equation has
been used for laminar flow modelling. It is observed that the flow dynamics in human
nasal cavity are dependent on nasal structure and velocity, which in turn plays an
important role in olfaction. It implicates that only a small amount of flow reached to the
upper part of the nasal cavity.

Sensor chamber design for electronic nose
Fluid dynamic simulations of six different 3D sensing chambers are used to facilitate the
efficient design of an electronic nose system comprising of 64 sensor arrays. Numerical
simulations are performed to investigate the gas (zero air) flow behaviour inside these
chambers under steady-state conditions for velocities ranging from 0.1 to 2 m/s using
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ANSYS software. Design optimization is performed in terms of area coverage, velocity
and mass fraction. Results show that the area coverage and mass fraction distribution
increases with the flow velocity. Sensor chambers are achieved more than 70% flow
coverage over the sensors at a velocity beyond 0.7 m/s. In further chamber designs, four
baffles are introduced at different positions in two inlets and one outlet chamber model
to enhance the performance of the chamber. Figure 1 shows chamber 4-6 with four
baffles having a length, width and height of 10, 2 and 5 mm to improve the airflow
distribution inside the sensor chamber. The effect of baffle positions in the flow
distribution is investigated through numerical simulations. Chamber designs with the
introduction of baffles achieved a maximum mass fraction. Thus, the insertion of baffles
improve the area coverage and mass fraction.

Figure 1: Sensor chamber 4, 5 and 6 containing two inlets and one outlet with
four baffles at different location (a), (b) & (c)
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In this work, we apply an stable numerical scheme for the solution of two di-
mensional quasilinear fractional electromagnetic waves model (2D FDWM) with
Dirichlet boundary condition arising from dielectric media. The proposed method
is based on a finite difference scheme in time. The Caputo’s fractional derivative
in time is approximated by a difference scheme of O(τ3−α), 1 < α < 2, and the
Laplacian operator is approximated by central difference discretization. Finally,
the proposed numerical scheme convert the 2D FDWM into pentagonal system.
The unconditional stability for the proposed scheme is derived and convergence
analysis is investigated through optimal error bound. The optimal order of con-
vergence O(τ3−α+τ3−β+h2

x +h2
y) is obtained for 2D FDWM numerical scheme,

where 1 < β < α < 2. Numerical results are included to verify the accuracy and
efficiency of the proposed scheme.

Keywords: Quasilinear electromagnetic waves models; Caputo fractional derivative;
finite difference method; unconditional stability; convergence.

Section I
In this work, we studied about the 2D model of fractional differential equation (FDE) for
magnetic field induction. The 2D problem has the following form [1]:

0Dα
t u(t,x)+λ1 0Dβ

t u(t,x)−λ2∇2u(t,x) = µ curl j(t,x)+ f (u) , (1)

with the initial conditions 



u(0,x) = φ(x),
∂u(t,x)

∂t

∣∣∣∣
t=0

= ψ(x),
(2)

and Dirichlet boundary conditions are

u(t,x) = 0, x ∈ ∂Ω, t ∈ (0,T]. (3)

where u(t,x) is magnetic field induction, j(t,x) is the current density of free charges, the
curl of µ.j(t,x) is regarded as an external source F(t,x) = µ curl j(t,x), t ∈ [0,T],
x ∈Ω = [0,L]× [0,L], ∂Ω is the boundary of domain Ω, 1 < β < α < 2, constants λ1 &
λ2 depend on the frequency independent properties of medium, and 0Dα

t & 0Dβ
t are

Caputo-fractional derivative in time.
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The nonlinear source term f (u) satisfies the assumed conditions:

1. | f (u)| ≤C|u|,
2. The first-order derivative of f (u) with respect to u is bounded.

Section II
The singular kernel is a major drawback of the fractional operator due to which
analytical solutions of the most of fractional differential equations (FDEs) can not be
obtained. As all FDEs cannot be solved analytically, so it is necessary to develop some
numerical schemes with significant accuracy to solve such type of problems numerically.
The FDEs (1) described the electromagnetic fields and waves in a wide class of
dielectric media [1]. We present and analyse the multistep finite difference scheme for
solving problem (1)-(3).
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INTEGRAL TRANSFORMS IN BICOMPLEX SPACE
AND APPLICATIONS

RITU AGARWAL*, MAHESH P. GOSWAMI, RAVI P AGARWAL

Abstract

Bicomplex analysis is the most recent mathematical tool applied
in Physics, Electric circuit theory, Power system load frequency con-
trol, Control engineering, Communication, Signal analysis and design,
System analysis and solving differential equations. In this paper we
prove the inversion formula for bicomplex Laplace transform, some of
it’s properties and convolution theorem for complexified Laplace trans-
form to bicomplex variables that is capable of transferring signals from
real-valued (t) domain to bicomplex frequency (ξ) domain. The bi-
complex inverse Laplace transform of a convolution function has been
illustrated with the help of an example. Physical Applications of bi-
complex Laplace transform in finding solution of bicomplex Maxwell’s
equation and bicomplex Schrödinger equation for free particle are given.

Keywords: Bicomplex functions, bicomplex integrals, Laplace trans-
form
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The present study has been performed in an irregular earth crust, layered over a semi-infinite half-space under the

effect of gravity. The irregularities at the interface are possible combinations of geometric shapes such as rectangular,

parabola and triangular notch. The aim of the study is to come up with the influence of these irregularities on the phase

velocity of shear horizontal waves. The current work also indulges with the outcome as to how inhomogeneities leave a

remarkable effect on SH-wave propagation. The medium has been assumed to exhibit inhomogeneities as the function

of depth. These functions are the product of linear algebraic function and exponential function of depth. By means

of separation of variables and substitution method, the equation of motion has been reduced to the Hypergeometric

equation. Suitable boundary conditions have been employed to derive a closed form of dispersion equation. Numerical

computations have been performed to visualize the impact of irregularity and inhomogeneity. It has been observed

that irregular interfaces and inhomogeneity involved in the medium has a significant bearing on SH-wave propagation.

Keywords: Hypergeometric function, Laguerre function, SH-wave, inhomogeneity, irregular interface.

1 Formation of Problem

We considered an inhomogeneous viscoelastic layer of finite thickness {H ≤ z ≤ εh(x)} over an inhomogeneous half-

space {εh(x) ≤ z < ∞} with imperfect interface. The x-axis and the z-axis of co-ordinate system(x, y, z) have been

taken along the direction of propagation of wave and towards the core of earth respectively. The origin O of the

coordinate system has been taken such that imperfect interface is symmetrical about OZ. By keeping in mind the

real scenario of earth, 6 kinds of imperfect interfaces of layer and half-space have been considered, and each imperfect

interface is divided into two parts each of height H1 and H2 towards z-axis and have a span of length 2s on x-axis

as shown in figure. These imperfect interfaces are a combination of the geometrical shapes rectangular, parabolic and

triangular notch. The equation of imperfect interface is given by the function

z = ε h(x) (1)

The imperfect interfaces for 6 different geometries defined by h(x) are given below and shown in figure (1).
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Figure 1: Geometry of problem with 6 different types of irregular interfaces.

h(x) =
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II
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IV
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s

)
, − s
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(
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s

)
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2

V

h(x) =





0, s ≤ |x|
2H1
s (s− x), s

2 ≤ |x| ≤ s
2H1
s (s+ x), −s ≤ x ≤ − s

2

H1 +H2

(
1− 4x2

s2

)
, |x| ≤ s

2

VI

2 Derivation of Dispersion Equation

The motion of particles of inhomogeneous viscoelastic layer caused by SH-wave( Biot [1]) is

(
µ+ ν

∂

∂t

)
∂2v

∂x2
+

∂

∂z

[(
µ+ ν

∂

∂t

)
∂v

∂z

]
= ρ

∂2v

∂t2
(2)

Assuming µ = µ0(1 − az)edz, ν = ν0(1 − bz)edz, ρ = ρ0e
dz. The displacement equation for viscoelastic layer is

given by

v(z) = ea4z{c1U(a5, 1, a6 + a3z) + c2L(−a5, a6 + a3z)}ei(ωt−kx) (3)

The equation of motion for half-space under gravity as given by Biot [1] is

(
µ− ρg z

2

)(∂2v
∂x2

+
∂2v

∂z2

)
+

(
∂µ

∂z
− ρg

2

)
∂v

∂z
= ρ

∂2v

∂t2
(4)

Assuming, the rigidity and the density of the half space as

µ = µ1(1− lz)emz, ρ = ρ1e
mz
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. The displacement of particles in half-space is

V (z) = c3e
−l3zU(l4, l5, l6 + l7z)e

i(ωt−kx) (5)

where U(a, b, c) and L(a, b, c) are hypergeometric and Laguerre functions.

And a1 = 1 + q, a2 = a+ qb, a3 =
√
d2 + 4k2, a4 = d+a3

2 , a5 =
a2(d3)+2k2c2/c20

2a2a3
, a6 = −a1a3

a2

l1 = l + gρ1
2µ1

, l2 =
√

4k2l21 + l2m2, l3 = −lm+l2
2l1

l4 = (ll21m+ l2m2 − ll1m2 + l21l2 − lml2 + l1ml2 + 2c01k
2l21(c/c0)2)/2l21l2

l5 = 1 + (l−l1)m
l21

, l6 = −l2
l21
, l7 = l2

l1
.

Using the displacement equations in the boundary conditions at the interface, we get the dispersion equation which

involves the inhomogeneity parameters and the functions that defines the irregularity of the interface. In order to

visualize the impact of these parameters graphs have been plotted. It has been observed that inhomogeneity involves

in rigidity, viscosity and density leaves a significant effect on the magnitude of phase velocity of SH wave. Irregular

interfaces also effects the phase velocity of SH wave to a great extend. It is also observed that the velocity of the wave

is affected not only by the depth of the irregularity but also depends on the geometry of the irregular interface of the

layer and half-space.
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Reduced Order Modeling for Thermoelastic
Damping of Nano-resonators
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In the present paper a reduced order modeling approach to simulate the thermoe-
lastic damping of beam type nano-resonator is studied. A reduced order method
based on thermal modes and structural modes is proposed to solved coupled gov-
erning differential equations. The results of the reduced order method are con-
firmed with the results in the available literature.

Keywords: Reduced order modeling, Thermoelastic damping, MEMS/NEMS

Introduction
A thermoelastic damping is intrinsic to the system and cannot be minimized by
controlling the external environment. A transversely vibrating nano-beam cre-
ates thermal gradients in the transverse direction. Heat transfer between different
regions of the nano-beam is irreversible, hence act as a dissipative mechanism.
Coupled thermo-elastic equations for a transversely vibrating electrostatically ac-
tuated micro beam can be written as

ρA
∂2w
∂t2 +EI

∂4w
∂x4 − ∂2

∂x2

(∫ t/2

−t/2
bEαθydy

)
+

(
EA
2L

∫ L

0

(
∂w
∂x

)2

dx

)
∂2w
∂x2 =

ε0bV 2
dc

2(g0 −w)2

(1)

k
(

∂2θ
∂x2 +

∂2θ
∂y2

)
= ρcv

∂θ
∂t

+
EαT0

2
∂
∂t

(∫ L

0

(
∂w
∂x

)2

dx

)
−EαT0

(
y

∂3w
∂t∂x2

)
(2)

where w is midplane vertical displacement in y direction, b is beam width in z
direction, θ is temperature change from ambient temperature T0 and I is the bend-
ing moment of inertia of the beam. Galerkin reduced order modeling is most
commonly used for studying micro/nano resonators where interaction between
different frequencies/modes is important to study. The reduced order modeling
methods, for thermoelastic damping, available in the literature are applicable only
for linear case and when the energy equation is homogeneous [1]. Therefore, in
current study more general framework (nonlinearity and presence of external hear
source) for genrating reduced order model for thermoelastic damping by consid-
ering seperate thermal modes and vibrational modes is proposed.
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Reduced Order Modeling and Results
The stationary solution for Eq.(1) and Eq. (2) has been determined by assum-
ing w(x) = ∑n

i=1 ϕi(x)wi for displacement and θ(x,y) = ∑n
i=1 ∑m

j=1 ψi(x)Ω j(y)θi j
for temperature field. where ϕi(x) are structural vibration modes for beam under
electrostatic loading and ψi(x), Ω j(y) are thermal modes. The final reduced order
model is obtained by substuting approximations for w(x) and θ(x,y) in Eq. (1)
and (2), then multiplying with respective modes shapes and integrating over the
overall volume. Later, eigenvalues of governing coupled equations (Eq.(1) and
Eq.(2)) are obtained by linearizing the current state about the static solution. The
quality factor Q of the beam is determined by computing the ratio of imaginary
and real part of eigenfrequencies (w) as Q = Re(w)

2Im(w) . To check the applicability

0 5 10 15 20 25 30
V

dc
(V)

2

3

4

5

6

7

Q

106

ROM(n=5)
Zamanian (2010)

Figure 1: Comparison of proposed method with results obtained by Zamanian [2]

of the current method, an electrostatically actuated doubly clamped nanobeam
is considered. The beam configuration and parameters are considered from [2].
The reduced order model with 5 mode shapes is developed for nanobeam without
considering the mid-plane stretching term. It is observed from Fig. 1 that the re-
sults obtained using proposed method are in good agreement with the results from
Zamanian [2].
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Abstract: In digital world cryptographic algorithms protect sensitive information from intruder during 

communication. True random number generation is used for Cryptography algorithms as key value encryption and 

decryption process. To develop unbreakable algorithms key as one important parameter for Cryptography .We 

proposed DNA based True random number generation.DNA is deoxyribonucleic acid chemical molecule present in 

all living cells. DNA molecule consists of 4 nucleotides A-adenine,T-Thymine,G-Guanine and C-Cytosine. DNA 

molecules have uniqueness properties like Each person in the world distinguish based on DNA sequences and genes. 

The proposed algorithm pass NIST SP 800-22  test suite for DNA based true random number generation with good 

Entropy,FFT,Block Frequency and Linear Complexity. 

Keywords:DNA-TRNG,Gene-TRNG,PRNG-D-TRNG,Gene Randomness,DNA-CS 

INTRODUCTION 

DNA is a molecule of carries genetic information from one living cells into another cells.It is chemical molecule 

have definite structures in a particular organisms.DNA is deoxyribonucleic acid. In 1953, J.D. Watson (an American 

biologist) and F.H.C. Crick (a British Physicist) proposed the three-dimensional model of physiological DNA (i. e 

B-DNA) on the basis of X-ray diffraction data of DNA obtained by Franklin and Wilkins. For this epoch-making 

discovery, Watson, Crick and Wilkins got Nobel Prize in medicine in 1962. Genes are basic units of DNA which 

acts as molecules to produce molecules called Proteins.The human genome project has estimated between 20,000 to 

25 000 genes in human beings.The National Institute of Standards and Technology(NIST) SP 800-22 Test suite for 

testing randomness properties of numbers  and number generation is tested. 

The key contribution in this research paper are as follows 

1) We introduce DNA sequence based TRNG .The human DNA contains information in terms of nucleotides 

A-adenine,G-guanine,T-thymine and C-cytosine  like digital world 0s and 1s. 

2) Each living cells in the world have uniqueness properties ,so that in this paper we have consider human 

DNA sequence to generate true random numbers 

3) Existing methods have problems with extra device or circuit ,In proposed  method after DNA sequence  

obtained we can generate true random number generation without hardware related circuit 

4) The proposed method pass the NIST SP 800-22 test for true random number generation 

5) Next feature DNA samples of human being consider for  true random number generation based on his 

genes  to cryptographic applications  to  protect from attacker. 

 

In this research paper, conducted experiments on  DNA sequences Human Gene of Homo sapiens mRNA for 

ATPase, Cu++ transporting, alpha polypeptide variant protein gene , FAST FILE (GenBank) of NCBI AB208828.1 

Homo sapiens mRNA for ATPase, Cu++ transporting, alpha polypeptide variant protein, to find out randomness 

property of DNA sequences.   DNA sequences pass Randomness properties according to NIST USA. Today in 

digital world ,one of major research is how to secure data and storage, to overcome this, We proposed  DNA based 

random number generation major role  to protect data in future because DNA sequence of 3 billion base pairs have 

generates true random numbers  for Encryption and Decryption  of  algorithms. 
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RESULTS: True random number generation methods based on DNA sequences have good properties of 

randomness ,these numbers are generated based on living cells of DNA nucleotides. Each person in the world 

identified by DNA samples to distinguish from another person. The NIST SP 800-22 Test pass for DNA based  true 

random number generation for cryptographic applications. From figure1, compare to noise_flashmemory 

based,quantumbased random number generation, the proposed algorithm shows p-values 0.50 to 0.55  probability 

values of zeros and ones. The proposed method  p-values shows that  50%  of  probability of zeros and ones in  

DNA samples as source for  true random numbers generation without hardware circuit in the design. 

 

Figure1:  Comparison of proposed and existing true random number generation   

CONCLUSION: From the experiments conclude that DNA sequences of human being used to generated true 

random number generation  for  Computer  Cryptography research.  I did experiments  based on Genes  of  ATPase, 

Cu++ transporting, alpha polypeptide variant protein DNA SEQUENCES using Computational Biology and 

Bioinformatics tools ,preprocessing DNA sequences minimum GC percentage should be 40-50 to get good results 

and pass  NIST SP 800-22 Test DNA sequence or DNA chip can be used for to protect data security and privacy and 

data storage in Digital World. True random number generation using   DNA sequences have good properties of 

randomness. 
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Irving Kirkwood Method for One Dimensional
Nanostructures

Smriti and Ajeet Kumar
Department of Applied Mechanics

Indian Institute of Technology,Delhi India-110016
E-mail: smriticoo@gmail.com

We present a variant of the Irving-Kirkwood procedure to obtain the micro-
scopic expressions of the cross-section averaged continuum fields such as internal
force and moment in one-dimensional nanostructures in non-equilibrium setting.
In one-dimensional continuum theories for slender bodies, we deal with quantities
such as mass, linear momentum, angular momentum and strain energy densities,
all defined per unit length. These quantities are obtained by integrating the corre-
sponding pointwise (per unit volume) quantities over the cross-section of the slen-
der body. However, no well defined cross-section exists for these nanostructures
at finite temperature. We thus define the cross-section of a nanorod to be an infi-
nite plane which is fixed in space even when time progresses and define the above
continuum quantities by integrating the pointwise microscopic quantities over this
infinite plane. The method yields explicit expressions of both the potential and
kinetic parts of above quantities. We further specialize these expressions for heli-
cally repeating one-dimensional nanostructures in order to use them in molecular
dynamics study of extension, torsion and bending of such nanostructures. As,
the Irving-Kirkwood procedure does not yield expressions of stiffnesses, we re-
sort to a thermodynamic equilibrium approach to obtain the expressions of axial
force, twisting moment, bending moment and the associated stiffnesses by taking
the first and second derivatives of the Helmholtz free energy with respect to conju-
gate strain measures. The equilibrium approach yields expressions independent of
kinetic terms. We then establish the equivalence of the expressions obtained using
the two approaches. The derived expressions are used to understand extension,
torsion and bending of single-walled carbon nanotubes at non-zero temperature.
Keywords: one-dimensional nanostructures, molecular dynamics, nanotube buckling,
thermoelasticity
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A numerical model for nonlinear flow patterns of urban floods with 

obstructions to flow 

M.Sridevi Priya 

Research Scholar, Department of Civil Engineering, Indian Institute of Science, Bangalore. 

Abstract: The frequency of urban floods is increasing over the past few years in most cities 

around the world. Flood inundation maps for identifying the flood risk zones to take 

preventive measures and plan mitigation strategies, have thus become a critical need. Flood 

flows, caused by high intensity rainfall are characterised by the shallow water equations. One 

of the most efficient methods to study the urban flood flow patterns city scale is numerical 

simulation using advanced high performance computing techniques. The flood dynamics over 

a complex urban topography is described by two-dimensional shallow water equations. The 

difficulties associated in solving the shallow water equations are non-linearity, discontinuity 

in the solution, and the balance between friction and bed slope terms in the equations. The 

bed slope and friction terms are the most dominating factors in the equations, which are 

obtained from Digital Elevation Model (DEM) and Land Use maps of the city.  

In this work, two-dimensional shallow water equations are solved using finite volume scheme 

incorporated with Harten-Lax-van Leer-Contact (HLLC) approximate Riemann solver to 

obtain the fluxes. The Runge-Kutta method is used for time-marching over the domain 

without obstacles to flow. Urban landscapes, however, have substantial impermeable areas 

like buildings, roads, bridges and parking lots etc. which form an obstruction to flow. The 

mesh generation and application of the boundary conditions for these obstacles are the most 

challenging part in the numerical modelling.  The finer mesh is also difficult to achieve due 

to high topographic undulations. If the urban areas additionally contain water bodies such as 

lakes and ponds, then the numerical scheme should preserve the lake at rest condition and 

non-negative water depth over the entire domain. These issues are discussed with reference to 

the numerical model developed in this work with real system data of the Hulimavu 

catchment, in urban Bangalore region. The raw DEM data of the catchment is used to extract 

the undulations in topography using Matlab. This data is then converted to the standard 

numerical input format by using Geospatial Data Abstraction Library (GDAL) in Python. The 

pre-processed real data is used as input for the developed numerical model and simulation is 

carried out for real time flood flow. The free surface and discharge of flow over the 

catchment are calculated for flow conditions, resulting from different rainfall patterns. The 

results are useful in accurately delineating the flood inundation maps in urban areas.  
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Scalable Algorithm for LU Decomposition using
IgniteRDD on Integrated Spark-Ignite

Ridhi Anand, Sriya R, Dr Harini S
School of Computing Science and Engineering

VIT, Chennai, India-600127
E-mail: ridhi.anand2017@vitstudent.ac.in , sriya.r2017@vitstudent.ac.in, harini.s@vit.ac.in

LU Decomposition is one of the most efficient algorithms that can be applied to
various operations such as the solving of linear equations, finding the determinant of
a matrix and matrix inversion. In any real-time application involving one of the above
application scenarios, the matrix size will be gigantic and will not be able to be effi-
ciently decomposed on a single node. In this paper, we propose a scalable algorithm for
LU Decomposition which is frugal in terms of time. This is accomplished by pipelin-
ing Block – LU Decomposition on a multi-node Apache Spark system that is integrated
with Apache Ignite. With the introduction of IgniteRDD, the entire dataset is available
with all the nodes due to the availability of a shared Ignite cache layer, and only refer-
ences to memory locations need to be passed across nodes. This is especially significant
with respect to Exa-scale computing where network latency is a major issue. The pro-
posed algorithm is future-oriented and ready to deal with efficient decomposition of
large matrices with a time complexity of O(N2).

Keywords: High performance computing, LU Decomposition, Apache Spark, Apache Ignite

Analysis
All matrix multiplication operations are done with a time complexity of N/m+ logm [3]. Using
N threads, we parallelise matrix multiplication to O(N). Algorithm 4 has time complexity log2N
as the highest complexity loop is a while loop which reduces the iteration counter by half with
every iteration and initiates data flow which signals Algorithm 1 to start. Algorithm 1 which
starts the LUDecomposition procedure has a time complexity of n2 as the internal for loops are
parallelised. As Algorithm 1 is being executed on Node containing M1, the node containing
M2,M3 and M4 begins its pipelined execution with a pipeline delay of (2n)(255T bps)−1 as it
has access to shared memory which is being constantly updated by the first node. Inverse in
Algorithm 2 is t Algorithm 2 is executed in this pipelined manner over every node that contains
the data blocks. The overall time complexity is therefore, k1 + k3N2/k2 where k1 is the pipeline
delay, k2 is the total number of nodes across which the tasks have to be distributed and k3 is
some constant.
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Figure 1: Overall view of proposed system

Algorithm 1 LU Decomposition

1: Update U1,U2,L1,L2 to ignite shared
memory

2: n = NoO f Rows(A)
3: for k = 1 to n do
4: ( j,k) = argmax(|Ak,k|, |Ak+1,k|, ...,

|An,k|)
5: add j to Pk and update to ignite

shared memory
6: Swap k-th row with j-th row

7: for i = k +1 to n do
8: Ai,k = Ai,k/Ak,k and update to ig-

nite shared memory
9: for j = k +1 to n do

10: Ai, j = Ai, j − Ai,kAk, j and up-
date to ignite shared memory

11: end for
12: end for
13: end for

2
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Algorithm 2 Block LU Decomposition

1: L−1
1 = Inverse(L1)

2: U−1
1 = Inverse(U1)

3: X = P1M2
4: T =U−1

1 L−1
1

5: S = M3T
6: M

′
= M4−SX

7: LUDecompose(M
′
) and update to ig-

nite shared memory

Algorithm 3 Slice and Inverse

1: Master node loads entire dataset from
disk

2: Split = Dataset
3: Padding = NoO f Rows(A)%4
4: Pad A with Padding number of row

and column zero vectors
5: i = number of rows in matrix
6: while i > -1 do

7:

M =

(
a b
c d

)

8: Assign M2,M3,M4 to nodes
Ai,Bi,Ci which start the LUDecom-
position process

9: i = i/2
10: end while
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Legendre spectral projection based Tikhonov
regularization method for Fredholm integral

equations of the first kind

Subhashree Patel1, Bijaya Laxmi Panigrahi1 and Gnaneshwar Nelakanti2
1Department of Mathematics, Sambalpur University, Odisha - 768019, India,

2 Department of Mathematics,Indian Institute of Technology Kharagpur, WB-721302,
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E-mail: subhashreepatel@suniv.ac.in, blpanigrahi@suniv.ac.in,
gnanesh@maths.iitkgp.ernet.in

In this work, we discuss on the iterated Tikhonov regularization method to
find the approximate solution of the Fredholm integral equations of the first kind
using Legendre polynomials as bases. We also evaluate the convergence rates of
the approximate regularized solution with the generalized solution under infin-
ity norm. Again we discuss about the Arcangeli’s discrepancy principle to get
suitable regularization parameter, which allows us to get optimal order of conver-
gence in infinity norm. We present numerical examples to illustrate the theoretical
results.

Keywords: Ill-posed problems, Fredholm integral equation of the first kind, Tikhonov
regularization method, Legendre polynomials, Arcangeli’s method.

Introduction
The theory of integral equations of the first kind comes from an inverse problem. Many
inverse problems in science and engineering for e.g., tomography, geophysics,
non-destructive detection, inverse contact problems lead to the integral equation of the
first kind. This work is concerned with the Fredholm integral equations of the first kind.
Since this type of integral equation can’t be solved explicitly, various numerical methods
have been developed such as projection methods, degenerate kernel method, multiscale
methods, quadrature based collocation methods. The first kind integral equations are
less familiar due to its ill-posed property rather than the well-posed property of integral
equations of the second kind. Inverse problems are ill-posed problems that might not
have a solution in the true sense, if a solution exist it may not be unique, and the
obtained solution might not depend continuously on the observed data. Integral
equations of the first kind are the examples of ill-posed problems. Because of the
ill-posedness of the solution of integral equations of the first kind, it will be challenging
to find the exact solution. In such situation, regularization methods have to be used to
obtain stable approximate solution. In various ways regularization method can be
applied to the integral equations of the first kind. Tikhonov regularization method is one
such regularization method ([1], [2]).
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Fredholm integral equations of the first kind
We consider the Fredholm integral equations of the first kind as

∫ 1

−1
k(s, t)x(t)dt = y(s), s ∈ [−1,1],

which can be written in the following operator equation

K u = f , (1)

where K : D(K )⊂ X→ X is the integral operator in which X is Banach space, f is
known function and u is the unknown function to be determined in X. Since equation (1)
is ill-posed, the solution exists if y ∈ R (K ). The generalized solution of (1) is

x̂ = K †y,

where K † : D(K †)→ X is the Moore-Penrose inverse of K . This regularized solution x̂
is ill-posed and is a least square solution and satisfies the normal equation

K ∗K x = K ∗y.

In this situation we are regularizing this equation by using Tikhonov regularization
procedure to find stable solution. Let

(αI +A)xα = K ∗y, (2)

be the Tikhonov regularization of (1), where xα is the regularized solution and α is any
positive number and A = K ∗K . Now we apply Legendre orthogonal projection operator
πn to (2) to discuss on iterated Legendre spectral Galerkin method, where we
approximate the infinite dimensional space X by a finite dimensional space Xn of
Legendre polynomials. The iterated Legendre spectral Galerkin method for equation (1)
is defined as to find the regularized approximation xα,n ∈ Xn w.r.t. y such that

(αI +Aπn)xα,n = K ∗y,

and the regularized solution x̃α,n w.r.t. the inexact data ỹ is

(αI + Ãn)xα,n = K ∗ỹ, (3)

where Ãn = Aπn.
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A uniformly convergent method for a two parameter
singularly perturbed parabolic problem with time

delay

Sumit and Sunil Kumar
Department of Mathematical Sciences,
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We construct a robust numerical method for a two parameter singularly per-
turbed parabolic problem with time delay using a hybrid monotone finite differ-
ence operator on an adaptive mesh. The mesh used is a product of uniform mesh
in time and a piece-wise uniform Shishkin mesh in space variable. The method is
proved to be second order parameter uniformly convergent in space and first order
in time.

Keywords: Finite difference method, Singular perturbation problem, delay differential
equation

Section I
Singularly perturbed delay differential equations often arise in modeling various
physical, biological and chemical systems such as in population dynamics, variational
problems in control theory, epidemology, circadian rhythms, respiratory system,
chemostat models, tumor growth and neural networks. The delay terms in these models
enable us to include some past behavior to get more practical models for the phenomena.
We consider a class of singularly perturbed delay-differential initial-boundary value
problem in one space dimension with two small parameters.





Lu≡ εuxx +µaux−bu−ut =−cu(x, t− τ)+ f , (x, t) ∈ (0,1)× (0,T ],
u(x, t) = ϕb(x, t), (x, t) ∈ [0,1]× [−τ,0]
u(x, t) = ϕl(t), (x, t) ∈ {0}× (0,T ],
u(x, t) = ϕr(t), (x, t) ∈ {1}× (0,T ],

(1)

where 0 < ε,µ≤ 1 are the perturbation parameters. For small values of ε and µ the
solution possesses boundary layers near both the boundaries. These layers are thin
regions in the domain where the solution gradient becomes very steep. Due to this
abnormal behavior inside layer regions the classical numerical methods do not give
satisfactory results for the solution [? ]. Therefore we seek more efficient methods
which give better results without depending on the size of perturbation parameters.

Section II
In this work we construct a finite difference method using a hybrid monotone finite
difference scheme for the problem on a layer adaptive mesh. The adaptive mesh is the

1
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product of a piece-wise uniform Shishkin mesh [? ] in space and a uniform mesh in time
variable. The spatial mesh is constructed by using a specially chosen transition
parameter so that the maximum mesh points are condensed in the boundary layer region.
The truncation error analysis is done for the complete domain using the method of steps
and the scheme is proved to be of second order uniformly convergent in space and first
order in time. Theoretical results are verified through numerical experiments.
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Impact of irregular sandwiched geologies on
Love-type surface waves

Tapas Ranjan Panigrahi and Sumit Kumar Vishwakarma
Department of Mathematics,

Birla Institute of Technology and Science, Pilani, Hyderabada Campus, India-500078
E-mail: tapas.infinity@gmail.com, sumitkumar@hyderabad.bits-pilani.ac.in

The present study has been carried out to investigate the transference of Love-
type surface waves in an anisotropic heterogeneous earth-crust lying over an isotropic
inhomogeneous bedded half-space. The rigidities and densities have been as-
sumed varying as a function of depth in both the media. These variations are
exponential in the layer while in the half space, they are the product of linear al-
gebraic function and an exponential function of depth. Following the theory of
elastic waves, the mathematical model has been established. Separation of vari-
able has been employed to obtain the displacement in the layer and the half space.
Intrinsic boundary conditions have been imposed to obtain the dispersion equa-
tion. It has been found that dispersion equation is a function of inhomogeneity
parameters as well as the initial stress and the term that governs the irregularity of
the structure. Graphical representations have been performed to exhibit the find-
ings, which clearly shows the significant impact of these parameter on the phase
velocity of Love-type surface waves.

Keywords: Love-type wave, Initial Stress, Heterogeneous Half-Space, Dispersion
Equation, Phase Velocity, Corrugated Surface

Formulation of the Problem
In the present problem, a sandwiched structure has been assumed which carries
inhomogeneity. Keeping in view the real scenario of earth, the interfaces of the media
have been taken irregular instead of flat. As shown in the figure, medium 1 has been
assumed anisotropic inhomogeneous in nature, medium 2 is isotropic homogeneous and
medium 3 is isotropic inhomogeneous with initial stress. The thickness of medium 1 and
medium 2 has been taken as h unit, where as the undulation are z = ξ3(x), z = ξ2(x)−h
and z = ξ1(x)−2h as shown in figure 1. The inhomogeneities associated with rigidity,
density and initial stress have been given by (Gubbins [1])

Displacement equation for media

Medium 1: The equation of motion is (Biot [2]) N ∂2v1
∂x2 + ∂

∂z

(
L ∂v1

∂z

)
= ρ ∂2v1

∂t2 .

Solution: v1 = c1ez(−log(α)−
√
−4 k2

L1
(c2ρ1−N1)+(log(α))2)

+ c2ez(−log(α)+
√
−4 k2

L1
(c2ρ1−N1)+(log(α))2)
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Medium 2: The equation of motion is (Biot [2]) µ2
∂2v2
∂x2 +µ2

∂2v2
∂z2 = ρ2

∂2v2
∂t2 .

Solution: v2(z) =
[
c3e−ikν1z + c4eikν1z

]
eik(x−ct)

Medium 3: The equation of motion is (Biot [2]) ∂s21
∂x + ∂s23

∂z − P
2

(
∂2v
∂x2

)
= ∂2(ρv)

∂x2 .

Solution:

v3 = c5e−
1
2

(
b+
√

b2−4A1

)
z

HypergeometricU
[

b+
√

b2−4A1

2
√

b2−4A1
,1,
√

b2−4A1

a
+
√

b2−4A1z
]

eik(x−ct)

Using the three solutions in the boundary conditions at the interface, we get the
dispersion equation which involves the inhomogeneity parameters and the functions that
defines the irregularity of the interface. In order to visualize the impact of these
parameters 2D graph have been plotted. It has been observed that inhomogeneity
involves in rigidity, density and initial stress leaves a significant effect on the magnitude
of phase velocity. Irregular interfaces also effects the phase velocity of Love type wave
to a great extend. To validate the present problem a special case has been derived which
matches with the classical result as derived by A.E.H Love [3].
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Exponential synchronization of fractional-order
complex chaotic systems and its application in secure

communication using digital cryptography

Vijay K. Yadav
Department of Mathematical Sciences,

Indian Institute of Technology (BHU), Varanasi-221005, India
E-mail: vijayky999@gmail.com

In this article, exponential synchronization between fractional order chaotic
systems has been studied by using exponential stability theorem. The stability
analysis has been done with help of a new lemma, which is given for Lyapunov
function for fractional order system. The fractional order complex chaotic sys-
tems viz., Lorenz and Lu systems are considered to illustrate the exponential syn-
chronization. The numerical simulation results are presented through graphical
plots to verify the effectiveness and reliability of exponential synchronization.
The application in communication through digital cryptography is also discussed
between the sender (transmitter) and receiver using the exponential synchroniza-
tion. A well secured key system of a message is obtained in a systematic and
simple way.

Keywords: Exponential synchronization, Complex chaotic system, Fractional
derivative, Exponential stability theorem, Fibonacci Q- matrices, Cryptography

1

ABSTRACTS - PRESENTATIONS

122


	Welcome
	Schedule
	Poster presentations
	Abstracts - Invited Speakers
	Abstracts - Presentations

