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Mathematical Conference
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VNU-HCM University of Science, July 27-28, 2019

“Summer Meeting” is an annual mathematical meeting since 2008 organized primarily by
alumni of the Faculty of Mathematics and Computer Science of the Vietnam National University
Ho Chi Minh City-University of Science who are doing mathematics abroad, held during the
summer breaks.
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Program

Saturday, 27/7/2019

Room: Lecture Hall of Building I

Morning

7:30-8:00 Registration.
8:00-8:20 Opening remarks

8:20-9:10 Hoang Anh Tran, Regularization Methods for Reconstructing Sparse Data with Struc-
tures

9:20-10:10 Tan-Trung Nguyen, Playing with Deep Learning and Burgers Equation
10:10-10:40 Coffee break

10:40-11:30 Son Phung Truong Van, Optimal heat transfer in a box

Afternoon
14:00-14:50 Linh Viet Nguyen, Thermoacoustic tomography in fluid and elastic media

15:00-15:50 Loc Hoang Nguyen, A convergent numerical method for a multi-frequency inverse
source problem in inhomogeneous media

15:50-16:20 Coffee break

16:20-17:10 Son Nguyen Thai Tu, State-Constraint static Hamilton-Jacobi equations in nested
domains

Sunday, 28/7/2019

Room: B11A

Morning

8:20-9:10 Van Tien Nguyen, Singularity formation in Nonlinear Evolution Equations

9:20-10:10 Soonhak Kwon, APN functions and their differential properties , changed to: Survey
on vectorial Boolean functions and their properties over finite fields

10:10-10:40 Coffee break

10:40-11:30 Chang Heon Kim, Recursion formulas for modular traces of weak Maass forms of
weight zero

11:40 -12:30 Cong Phuc Nguyen, Weighted and pointwise bounds in measure datum problems
with applications
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Abstracts

« CuanG Heon Kim, Sungkyunkwan University, Korea

Recursion formulas for modular traces of weak Maass forms of weight zero

The values of the classical j-invariant at CM points are called singular moduli. Zagier proved that
the traces of singular moduli are Fourier coefficients of a weakly holomorphic modular form of
weight 3/2. Later Bruinier and Funke generalized Zagier’s result to the sums of the values at Heeg-
ner points of modular functions on modular curves of arbitrary genus. In this talk, we find recursion
formulas satisfied by modular traces of weakly holomorphic modular functions and more gener-
ally modular traces of certain weak Maass forms of weight zero. (This is a joint work with Soyoung
Choi).

» SooNHAK KwoN, Sungkyunkwan University, Korea

APN functions and their differential properties

APN(almost perfect nonlinear) functions over binary finite fields play an important role in many
areas of cryptography such as AES. A differential of quadratic APN function is 2:1 function and
becomes a linearized polynomial when the APN function is quadratic. We discuss the relations
between quadratic APN functions and their corresponding linearized polynomials.

« LinH VIET NGUYEN, University of Idaho, USA

Thermoacoustic tomography in fluid and elastic media

Thermoacoustic tomography (TAT) is a hybrid method of imaging. It combines the good contrast
of microwave imaging and high resolution of ultrasound imaging. One of the main techniques for
image reconstruction in TAT is the time-reversal method. In this talk, we will discuss how the
method works in two scenario of TAT: fluid and elastic media.

» Loc Hoang NGUYEN, University of North Carolina Charlotte, USA

A convergent numerical method for a multi-frequency inverse source problem in
inhomogeneous media

We propose a new numerical method to solve an inverse source problem for the Helmholtz equa-
tion in inhomogeneous media. This method reduces the original inverse problem to a boundary
value problem for a coupled system of elliptic PDEs, in which the unknown source function is not
involved. The Dirichlet boundary condition is given on the entire boundary of the domain of inter-
est and the Neumann boundary condition is given on a part of this boundary. To solve this problem,
the quasi-reversibility method is applied. Uniqueness and existence of the minimizer are proven.
A new Carleman estimate is established. Next, the convergence of those minimizers to the exact
solution is proven using that Carleman estimate. Results of numerical tests are presented.

« TaN-TRUNG NGUYEN, VNUHCM-University of Science, Ho Chi Minh City, Vietnam
Playing with Deep Learning and Burgers Equation

Deep learning (DL) methods have been developed dramatically recent years with applications in
many fields. A DL method in general aims to build a space containing an optimal objective which
can be obtained through some numerical methods. From solving hyperbolic systems of conserva-
tion laws point of views, we consider how to apply DL methods to obtain the entropy weak solutions
in case of shocks. Many DL methods have been proposed in communities to solve for partial differ-
ential equations but non of them really consider entropy shock solutions. The 1D Burgers’ equation
is used as a toy model to mimick the resulting behaviour of numerical schemes when replacing a
conservation law by a form which is equivalent for smooth solutions, such as the total energy by
the internal energy balance in the Euler equations. We propose in this work two methods to solve
for entropy weak solutions of 1D Burgers’ equation. The first one is to add a numerical viscosity
then learn the optimal parameter. On the other hand, the second one considers an adaptation of
activation functions to the Rankine-Huginot condition.
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« ConG PrHUC NGUYEN, Louisiana State University, USA

Weighted and pointwise bounds in measure datum problems with applications

Muckenhoupt-Wheeden type bounds and pointwise bounds by Wolff’s potentials are obtained for
gradients of solutions to a class of quasilinear elliptic equations with measure data. Such results
are obtained globally over sufficiently flat domains in R” in the sense of Reifenberg. The principal
operator here is modeled after the p-Laplacian, where for the first time singular case 22:? <p<2-
% is considered. As an application, sharp existence and removable singularity results are obtained
for a class of quasilinear Riccati type equations having a gradient source term with linear or super-

linear power growth. This talk is based on joint work with Quoc-Hung Nguyen.

+ VAN TiEN NGUYEN, New York University Abu Dhabi, UAE

Singularity formation in Nonlinear Evolution Equations

Many central problems in geometry, mathematical physics and biology reduce to questions regard-
ing the behavior of solutions of nonlinear evolution equations. The dynamical behavior of bounded
solutions for large times is of significant interest. However, in many real situations, solutions de-
velop singularities in finite time. The singularities have to be analyzed in detail before attempting
to extend solutions beyond their singularities or to understand their geometry in conjunction with
globally bounded solutions. In this context we have been particularly interested in qualitative de-
scriptions of blowup. Particular examples in the talk include semilinear reaction-diffusion systems,
wave maps and the classical Keller-Segel system of modeling chemotaxis. I will present different
techniques based on spectral analysis or/and energy methods to study the question of existence
and stability of blowup solutions to these equations.

« Hoang ANH TRrAN, Oak Ridge National Laboratory, USA

Regularization Methods for Reconstructing Sparse Data with Structures

We discuss recent advances in convex and nonconvex optimization approaches for the reconstruc-
tion of high- dimensional data, which exploit not only the sparsity of the data, but also the inher-
ent structures in that sparsity. Examples include lower structure in polynomial expansions, tree
structure in wavelet representation of images, and joint sparsity in multiple measurement vector
problems. We will verify the advantage and efficiency of our methods via examples in uncertainty
quantification, imaging and experimental data processing.

« SoN NGuYeN THAI Tu, University of Wisconsin, Madison, USA
State-Constraint static Hamilton-Jacobi equations in nested domains

We study state-constraint static Hamilton-Jacobi equations in a sequence of domains {Qy }xen in
R”™ such that Qx C Qg4 for all k € N. We obtain rates of convergence of uy, a solution to the
state-constraint problem in Q, to u, a solution to the corresponding problem in Q = | Jj oy Qk- In
many cases, the rates obtained are proven to be optimal. (it’s a joint work with Yeoneung Kim and
Hung V. Tran)

+ SoN PHUNG TRUONG VAN, Carnegie Mellon University, USA

Optimal heat transfer in a box

The problem of optimization of heat transfer is of both daily-life and industrial importance. Yet,
not until recently, people started to tackle this problem with full mathematical rigor. In this talk,
we will consider how to design a fluid flow in order to optimize heat transfer in a 2D square. The
main idea is to re-scale the problem appropriately and analyze it using both probabilistic and PDE
tools. Through this problem, we hope to demonstrate the power of probabilistic intuitions and the
simplicity of PDE proofs.
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