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Large deviations and Gaussian approximation for

products of random matrices
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Abstract: Some recent progress on limit theorems for products of independent
and 1dentically distributed random matrices will be presented. We focus on precise
large deviations and convergence rates 1n the Gaussian approximation. Applications

to branching processes and branching random walks will also be presented.
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Large and moderate deviations of sample paths for non-homogeneous

telegraph processes
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Abstract: In this presentation, we focus on large and moderate deviations for the
sample paths of non-homogeneous telegraph processes with singular intensity
functions 1n the uniform topology. The conditions for these deviations are mainly
based on the $L"1$ and $L"2$ norms of intensity functions. Specifically, we
discuss a specific class of intensity functions that exhibit slow variation or

periodicity. This work is conducted with Pro. Jiang Hui.
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The averaging principle for SDEs with monotone coefficients
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Abstract: Averaging principle 1s an effective method for investigating multi-scale
dynamical systems. In this talk, we will discuss three types of averaging principle
for monotone stochastic differential equations, which includes monotone SPDEs,
stochastic complex Ginzburg-Landau equations and finite dimensional monotone
SDEs. Furthermore, we investigate the small fluctuations of the monotone SDEs
around 1ts average, and show that the normalized difference weakly converges to an
Ornstein-Uhlenbeck type process, which can be viewed as a functional central limait

theorem. This talk 1s based on joint works with Mengyu Cheng and Michael
Rockner.
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Convergence rate for geometric statistics of point processes with fast decay

dependence
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Abstract : [Btaszczyszyn, Yogeshwaran and Yukich (2019)] established central
limit theorems for geometric statistics of point processes having fast decay of
dependence. As limit theorems are of limited use unless we understand their errors
involved 1n the approximation, we consider the rates of a normal approximation in
terms of the Wasserstein distance for statistics of point processes on satisfying fast
decay of dependence. We demonstrate the use of the theorems for statistics arising
from two families of point processes: the rarified Gibbs point processes and the

determinantal point processes with kernels decaying fast enough.
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An integration method for multiple heterogeneous single-cell

RNA-seq data sets
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Abstract : An integrative study of multiple heterogeneous single-cell RNA
sequencing (scRNA-seq) data sets 1s always needed in many biological and medical

applications. Current methods cannot effectively integrate data sets from different

biological conditions due to the confounding of biological and technical differences.

We present scInt, an integration method with a unified contrastive biological
variation learning framework. Using both simulated and real data sets, we show
that scint outperforms current methods, particularly when dealing with complex
experimental designs. Several applications of scInt to real data analysis show the
capability of integrating development trajectories and i1dentifying functionally

distinct condition-specific cell subpopulations.
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A simple spectral test of adequacy check for weak VAR models
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Abstract: We propose a Cramer - von Mises(CM) statistics for the diagnostic
check on weak VAR models, where the errors are assumed to be uncorrelated but
not necessarily independent. The test statistics 1s constructed based on the distance
between the sample periodogram of the residuals and a constant. Unlike
portmanteau tests that use only the first m lags autocorrelations of the residuals, the
spectral test can detect correlations beyond m lags. The asymptotic properties of the
test statistics are studied. Since the dependent structure of errors and estimation
uncertainty should be both taken into account, the test 1s not asymptotically pivotal.
To cope with this, we employ a (blockwise) random weighting bootstrap method to
approximate the critical values of the test and justity 1ts first-order validity. The
finite sample performance of the testing procedure is demonstrated through

numerous Monte Carlo simulations and a real example analysis.
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Connection probabilities for Ising model and their relation to Dyson’s circular

ensemble
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Abstract: Conformal invariance of critical lattice models 1n two-dimensional has
been vigorously studied for decades. In this talk, we focus on connection
probabilities for Ising model. This talk has two parts.

* In the first part, we consider critical Ising model and give the connection
probabilities of multiple interfaces. Such probabilities are related to solutions to
BPZ equations in conformal field theory.

 In the second part, we explain a relation between multiple Ising interfaces

and Dyson’s circular ensemble.
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The balls into bins problem and its variants
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Abstract: The balls 1nto bins problem 1s a classical problem 1n probability theory
that has many applications in computer science. It involves m balls and n bins.
Each time, a ball 1s placed into a bin selected uniformly at random. We are
interested 1n the following two-thinning variant. For each ball, after a random bin
has been selected, we may choose to either accept i1t or place the ball into a new
random bin. We are not aware of the secondary allocation before deciding whether
accept the primary allocation. We show explicit strategies that can achieve nearly
optimal maximum loads. Comparisons are also drawn between this two-thinning
variant and the well-known two-choice variant, in which case one selects two

random bins and places a ball into the less loaded bin and ties are broken arbitrarily.

(This talk 1s based on joint work with Ohad Noy Feldheim and Or1 Gurel-Gurevich.)
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Uniform approximation for the tail behavior of bidimensional randomly

weighted sums
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Abstract : The uniform approximation for the tail behavior of bidimensional
randomly weighted sums is considered. The primary random vectors are supposed
to have extended regularly varying tails, while the underlying dependence between
the components 1s described by some QERV copula functions. There are mild
moment conditions on the random weight vectors without any assumptions on the
dependence structures between themselves. The case when the number of the sums

1s extended to an integer-valued random variable 1s investigated additionally.
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Analysis of the entropy production phenomenon using functional inequalities
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Abstract: The production of entropy 1s an essential feature of many important
kinetic equations and stochastic processes i1n statistical physics. Functional
inequalities comparing entropy with entropy production functional are basic to the
study of entropy producing models, as they provide a powerful and robust tool to
obtain quantitative rate of convergence to equilibrium. Such inequalities are usually
referred to as entropy-entropy production inequalities(EEP inequalities in short).
After a brief review of some classical results, I will present an EEP 1nequality for
the McKean-Vlasov equation. Our result extends the one of Carrillo, McCann and
Villani to a non-convex setting. And then I will also talk about some results on the
EEP 1nequalities for the Landau equation. This talk 1s partly based on a joint work
with Arnaud Guillin, We1 Liu and Liming Wu.
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