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Conforming Finite Element Gradgrad and Divdiv Complexes

P #AL (dbwKF)

This talk consists of two parts. The first part considers the finite
element method of the so called linearized Einstein—Bianchi system from

[1]:

E+curlB=0, divE =0,
B-—curlE=0, divB=0,

with symmetric and traceless tensor fields E and B. Introducing a new
variable e(t) = f;’div divEds, the linearized Einstein-Bianchi system can be
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realized as a Hodge wave equation [1]

0 = divdivE,

(0.1) = —gradgrad o —symcurl B,

E
B = curl E.
Given initial conditions ¢(0), E(0) and B(0), and with appropriate boundary
conditions, the equation (0.1)is well-posed [1].

The mixed finite elements for the linearized Einstein—Bianchi system

is closely related to the discretization of an associated differential

complex. Such a Gradgrad—complex, introduced in [2] to derive a

Helmholtz-1like decomposition for biharmonic problems in R, is given by

0 P1(Q) -5 HA(Q: R) ¥ 2E™ Hcurl, Q: ) <% H(div, Q; T)
I 12 RY) — 0,

where the space H(div;€ T} consists of square—integrable tensors with

square—integrable divergence, taking value in the space T of traceless

matrices. The complex is exact provided that the domain € is contractible

and Lipschitz [2], that is, the range space of each map is the kernel space
of the succeeding map. The purpose of this part is to construct conforming
finite element spaces UpcH*(;R), Zpc Hicurl,Q;8), Vi H(div,; T) and
Qr = L*(£: R*) such that

(0.3) PiQ) -5 U, FLE My, I oo

is an exact sub-complex of (0.2). See [3] for more details. The second part introduces a
new family of mixed finite elements for solving a mixed formulation of the biharmonic

equations in two and three dimensions. The symmetric stress o = —V¥?u is sought in the

Sobolev space H*(div div,£;S) simultaneously with the displacement win L*(£).
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Stemming from the structure of H{div,£3;8) conforming elements for the linear elasticity
problems proposed by Hu and Zhang [6, 7],see also [5], the H*(divdlv,£:5)
conforming finite element spaces are constructed by imposing the normal continuity of
dive on the H(div,(§ ), conforming spaces ofP, symmetric tensors. The inheritance
makes the basis functions easy to compute. The discrete spaces for u are com- posed of
the piecewise P;_, polynomials without requiring any continuity. Such mixed finite
elements are inf-sup stable on both triangular and tetrahedral grids for k = Z, and the
optimal order of convergence is achieved. Besides, the superconvergence and the

postprocessing results are displayed. More details can be found in [4].
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Random Batch Methods for Molecular Dynamics
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We first develop random batch methods for classical interacting
particle systems with large number of particles. These methods use small
but random batches for particle interactions, thus the computational cost
is reduced from O(N"2) per time step to O(N), for a system with N particles
with binary interactions. For one of the methods, we give a particle number

independent error estimate under some special interactions.

This method is also extended to molecular dynamics with Coulomb
interactions, in the framework of Ewald summation. We will show its
superior performance compared to the current state—of-the—art methods
(for example PPPM) for the corresponding problems, in the computational

efficiency and parallelizability.

Point of Interest Recommendation
Fke L It (aa AR KF)

With the rapid development of wireless communication technologies,
location—based social networks, such as Foursquare and Gowalla, have
become very popular. This makes it possible to mine user’ s preference
on locations and provided favourite recommendations. However, check—in
data is sparse, long—tail, temporal and sociability. In this talk, we
consider recommendation system using tensor method for handling such
types of data with various techniques. Experiments on a real check—in
database show that the proposed method can offer better location

recommendation. The work is done jointly with Yiyuan LIU, and Ya WANG.
-11 -



Quantile Correlation—Based Variable Selection

BSER #ix (2HKF)

This paper is concerned with identifying important features in high
dimensional data analysis, especially when there are complex
relationships among predictors. Without any specification of an actual
model, we first introduce a multiple testing procedure based on the
quantile correlation to select important predictors in high
dimensionality. The quantile—correlation statistic is able to capture a
wide range of dependence. A stepwise procedure is studied for further
identifying important variables. Moreover, a sure independent screening
based on the quantile correlation is developed in handling ultrahigh
dimensional data. It is computationally efficient and easy to implement.
We establish the theoretical properties under mild conditions. Numerical
studies including simulation studies and real data analysis contain
supporting evidence that the proposal performs reasonably well in

practical settings.
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