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Abstract

Mine transport in its hydraulic form has been attracting more and more industries.
In this work, we discuss challenges related to the transport of Phosphate in its slurry
form. This dynamic is highly non-Newtonian and very little knowledge about its rhe-
ological properties is available. For that purpose, we examine the ability of machine
learning tools to predict this information using available real data. This dataset in-
cludes information about rheology but also many physico-chemical parameters such as
the density, the solid concentration, the particle size distribution among others. Three
well-known machine learning algorithms are tested. Despite an important overfitting
observed due to the limited amount of data, the results are encouraging and pave
the way towards predicting with reasonable accuracy the hydraulic of the Phosphate
slurry fluid in pipelines. We also introduce a new mathematical model for modelling
and simulation of phosphate slurry using non-Newtonian incompressible fluids. These
equations are coupled to an advection-diffusion equation for the slurry transport and
the obtained concentration is used for the fluid viscosity. Using a fixed-point method
we prove the existence and uniqueness of the weak solution for the considered prob-
lem. The proposed scheme uncouples the computation of velocity and concentration
using the fixed-point iteration and we theoretically establish its convergence towards
the unique solution of the considered model. Numerical results obtained for several test
examples are presented to verify the theoretical analysis and to assess the performance
of the proposed model.
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Abstract

In recent years, fractional calculus has witnessed significant advances in both its theo-
retical foundations and practical applications across various fields of science and engi-
neering. This work presents novel theoretical and numerical results by establishing new
stability criteria and developing numerical methods for solving fractional differential
equations (FDEs) involving the generalized Hattaf fractional (GHF') derivative, which
encompasses many types of fractional operators with non-singular kernels. Moreover,
the obtained results are applied to some dynamical systems arising from the life and
social sciences.
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Abstract

In this talk, we first introduce general fractional integrals and derivatives with the Sonin
kernels ([1]). These operators are a far-reaching generalization of the Riemann-Liouville
fractional integral and derivative and build a kind of a general fractional calculus.
They already found numerous applications both in mathematics and in natural sciences
and in particular in probability theory, electrodynamics, continuum and statistical
mechanics, linear viscoelasticity, and anomalous diffusion processes; see, e.g., [2, 3|.
Then we discuss the convolution series that are generated by the Sonin kernels of the
general fractional integrals and derivatives ([4]). These series are a far-reaching gener-
alization of the power-law series. They can also be interpreted as a new representation
of several important elementary and special functions including the exponential func-
tion and the famous Mittag-Leffler function that are generated by a constant and a
power-law Sonin kernel, respectively.

Finally, we consider initial value problems for a class of linear fractional differential
equations with general fractional derivatives with the Sonin kernels and derive their
solutions explicitly in terms of the convolution series ([4, 5]). The differential equations
with the Riemann-Liouville fractional derivatives are a well-known particular case of
these general fractional differential equations. In this case, the solutions are expressed
in terms of the Mittag-LefHler function.
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Abstract

The world we live in is not the same everywhere. Water seeps differently through
sandy and clayey soils, medicines spread unevenly through various tissues in the body,
and even a pot of goulash does not heat uniformly. These are everyday examples of
inhomogeneous spaces — spaces whose properties vary from point to point.

Describing how diffusion or absorption takes place in such media calls for more than
standard tools. One needs to understand how different regions interact and how sharp
transitions between them influence the overall behavior. This gives rise to a range of
deep and fascinating mathematical questions.

In this talk, I will discuss some of the core ideas that emerge in the mathematical study
of inhomogeneity. A key theme will be the approximation of arbitrary functions from
certain unconventional spaces by regular ones, in a way that respects the underlying
energy of the system. These approximation results play a central role in the analysis
of partial differential equations and variational problems that model inhomogeneous
phenomena.
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Abstract

The numerical radius and spectral norm are two basic notions in Matrix Analysis, with
a vast progress in recent years.

In this talk, we introduce the audience to some recent advances in this direction, where
further accurate relations between the two notions have been proposed by numerous
researchers.

While many complicated forms have been established, we will confine ourselves to
simple forms that can be better understood by non-specialists.

Moreover, we present some problems in this field with our expectation of the possible
outcomes. This will serve researchers who are looking for some challenging problems
in the field.

The talk is designed to be accessibly to people with basic knowledge about matrices;
however, the significance and importance of the discussed relations and problems need
more insight into this field.
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Abstract

Stochastic gradient descent (SGD) optimization methods are nowadays the method of
choice for the training of deep neural networks (DNNs) in artificial intelligence systems.
In practically relevant training problems, usually not the plain vanilla standard SGD
method is the employed optimization scheme but instead suitably accelerated and adap-
tive SGD optimization methods such as the famous Adam optimizer are applied. In this
work we establishing optimal convergence rates for the Adam optimizer covering the sit-
uation of strongly convex stochastic optimization problems (SOPs). The key ingredient
of our convergence analysis is a new vector field function which we propose to refer to
as the Adam vector field. This Adam vector field accurately describes the macroscopic
behaviour of the Adam optimization process but differs from the negative gradient of
the objective function (the function we intend to minimize) of the considered stochastic
optimization problem. In particular, for a class of simple quadratic SOPs we disprove
that Adam converges to critical points of the objective function (zeros of the gradient of
the objective function) of the considered optimization problem. We also establish higher
order convergence rates and advanced stability properties for Adam. The talk is based
on joint works with Steffen Dereich, Thang Do, Robin Graeber, and Adrian Riekert.
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Continuous data assimilation for the equation
arising as a singular limit of fast rotating 3-d
compressible viscous fluid

Piotr Gwiazda

Polish Academy of Sciences, Poland

Abstract

We consider a system of ”72,5-d” equations arising as a singular limit of fast rotating
3-d compressible viscous fluid driven by temperature gradient. This singular limit was
proven recently by F. Fanelli and E. Feireisl with the help of relative entropy method,
which provide quantitative estimate on the distance of primitive and target system.
We show the problem admits global-in-time solutions and a compact trajectory attrac-
tor. Finally, we address the problem of continuous data assimilation for the target
system.
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Abstract

I will present results from a recent eponymous preprint with Mikyoung Lee and Jihoon
Ok. We consider general nonlinear elliptic equations of the form

div A(z, Du) =0 in Q,

where A : QQ x R" — R" satisfies a quasi-isotropic (p, ¢)-growth condition. We estab-
lish sharp and comprehensive mean oscillation conditions on A(z, ) with respect to
the x variable to obtain C'- and W'*-regularity results. The results provide new con-
ditions even in the standard p-growth case with coefficient div(a(z)|Du[P=2Du) = 0.
Also included are variable exponent growth with and without perturbation as well as
borderline double-phase growth and double-phase growth with coefficient, including
coefficients and exponents of Sobolev-Lorentz type.

https://sites.google.com/site/varexpspa/
https://www.problemsolving.fi/
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