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Application of asymptotic methods
to forward and inverse problems in PDEs

D. Chaikovskii

FIAEZH A AF

Abstract: In this talk, by employing the asymptotic method, we prove the existence and uniqueness
of smoothing solutions for a singularly perturbed partial differential equation (PDE) with a small
parameter. As a by-product, we obtain a reduced PDE model with vanished high order derivative
terms, which is close to the original PDE model in any order of this small parameter in the whole
domain except a negligible transition layer. Based on this reduced forward model, we propose an
efficient two step regularization algorithm for solving inverse source problems governed by the
original PDE. Convergence rate results are studied for the proposed regularization algorithm, which
shows that this simplification will not (asymptotically) decrease the accuracy of the inversion result
when the measurement data contains noise. Numerical examples for both forward and inverse
problems are given to show the efficiency of the proposed numerical approach.
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Determining a random Schrodinger

operator: both potential and source are random
S E)

B R

Abstract: We present an inverse scattering problem associated with a Schr&linger system where
both the potential and source terms are random and unknown. The well-posedness of the forward
scattering problem is first established in a proper sense. We then derive two unique recovery results
in determining the rough strengths of the random source and the random potential, by using the
corresponding far-field data. The first recovery result shows that a single realization of the passive
scattering measurements uniquely recovers the rough strength of the random source. The second one
shows that, by a single realization of the backscattering data, the rough strength of the random
potential can be recovered. The ergodicity is used to establish the single realization recovery. The
asymptotic arguments in our study are based on techniques from theory of pseudodifferential
operators and microlocal analysis.
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High Performance Blood Flow
Simulation Algorithms and Applications
FRER %

o [ A 2 fr I 46 3 A AR IR

Abstract: Image data is able to provide increasingly detailed information of anatomy and flow, but
imaging alone is not a predictive tool. Patient-specific blood flow simulations have the potential to
provide quantitative predictive tools for virtual surgery, treatment planning, and risk stratification.
To accurately resolve the blood flows based on the patient-specific geometry and parameters is still a
big challenge because of the complex geometry and the turbulence, and it is also important to obtain
the results in a short amount of computing time so that the simulation can be used in surgery
planning. In this talk, we will discuss some scalable parallel methods for the simulation of blood
flow in compliant arteries on large scale supercomputers. The blood flow is modeled by 3D unsteady
incompressible Navier-Stokes equations with a lumped parameter boundary condition, which are
discretized with a stabilized finite element based on unstructured meshes in space and a fully implicit
method in time. The large scale discretized nonlinear systems are solved by a parallel
Newton-Krylov method preconditioned by linear and nonlinear domain decomposition
preconditioners. Numerical results show that the proposed methods work well for realistic geometry
and parameters on a supercomputers with thousands of processor cores. A patient-specific analysis,
with a resolution higher than 4D MRI can be obtained in less than one hour.

The applications of empirical process in the uncertainty
quantification driven by PDE problems with observational data
K H,

BT R ARF

Abstract: For many real applications, the data needed for computation is mixed by random noise or
random field, this is the so called uncertainty quantification(UQ). In this talk, I will show some new
reasearch in the uncertainty quantification driven by PDE problems including theory and numerical
examples. The observational data in practice is always blurred by some noise, e.g. natural noise, the
error of the measurements and the error of the model itself. For years, it's a chanllenge to recover the
true information from noisy data in many fileds. In this talk | will give new analytical tools to
estimate the stochastic convergence in some problems driven by PDE using regularization method. It
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provides the optimal parameter choices in the models and the stochastic error estimates are given
therein. Several applications will be shown in this talk.

A Parallel Domain Decomposition Preconditioner
for Elastic Crack Simulation Using XFEM
H 1
o E B B R I S8 3t SR R B

Abstract: We study a parallel overlapping domain decomposition preconditioner for solving the
linear system of equations arising from the extended finite element discretization of elastic crack
problems. The algorithm partitions the computational mesh into two types of subdomains: the regular
subdomains and the crack tip subdomains, based on the observation that the crack tips have a big
impact on the number of iterations, but the impact of the crack lines is not that different from the
regular mesh points. The tip subdomains consist of mesh points at crack tips and all neighboring
points where the branch enrichment functions are applied, and the regular subdomains consist of all
other mesh points including these on the crack lines. Following the Schwarz framework, an
overlapping region is added to all subdomains. Numerical experiments indicate that the proposed
method reduces the number of iterations and the total compute time significantly compared with the
classical method. Moreover, the method scales up to 8192 processor cores with above 70\% parallel
efficiency for problems with more than $2\times1078$ degrees of freedom.

AR BEE TR EREAW A F 40
WA

o B A B w I et AR A B

Abstract: /GfEE AR MIRET N AR, HRENAFSHECIER R IFRE, QIERRF
HORBEH R . Ao E B Ar. AXF R 8 EH LN —EHATH R4 AR ECE
WML A F AT R EF B F 0N, ZHrEE T ARCHEN CT EXFGEEEHLR
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Influence of coronary revascularization

procedures on cerebral hemodynamics
5 %
b E A FRE L HEAFRIE

Abstract: Coronary artery stenting has been the common minimally invasive technologies for
coronary artery disease (CAD) caused by coronary artery stenosis. The procedure can improve
the cardiac hemodynamics by modifying the vascular anatomy, and subsequently improve
myocardial blood supply. However, during coronary revascularization, some patients will be
accompanied by life-threatening strokes, even if patient's cerebrovascular has no obvious stenosis.
Therefore, clinicians are frequently called upon to assess patients with cerebral complications from
the procedure. Ethical restrictions, physiological complexity, and lack of monitoring methods make
clinical evaluation difficult. In this work, we study the effect of the coronary revascularization on
cerebral hemodynamics by artificially adding/eliminating coronary geometric stenosis. A scalable
domain decomposition-based algorithm is applied for solving the pulsating cardiovascular and
cerebrovascular blood flow. Numerical results show that although the coronary revascularization
can improve the functional index of coronary Fractional Flow Reserve (FFR), but it will reduce the
functional index of cerebral blood flow Fractional Pressure Ratio(FPR), which  may cause stroke.
We will present the parallel performance of the algorithm with a large number of processor cores.

11
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Decomposition and Preconditioning of Deep

Convolutional Neural Networks for Training Acceleration
AR
o [ A 2 fr I 46 3 A AR IR

Abstract: Deep convolutional neural networks (DCNNs) have led to significant breakthroughs with
large neural networks and large datasets; however, larger net- works and larger datasets result in
longer training times. In this paper, a new approach of decomposing and preconditioning DCNNSs is
proposed to parallelize the training of DCNNs. First, following the idea of domain decomposition
methods, a global network is decomposed into several sub-networks by partitioning the width of the
network while keeping the depth constant, which are then individually trained in parallel with the
corresponding decomposed samples from the input data. Then, inspired by the nonlinear
preconditioning method, the trained sub-networks are recomposed to initialize the global network,
which we call the sub-network transfer learning strategy. The initialized global network is then
further trained. At last, some experiments show that the sub-network transfer learning strategy can
indeed provide good initialization and accelerate the training of the global network with no loss of
accuracy.

S

S
M

Bayesian Approach to Inverse Time-harmonic Acoustic Obstacle

Scattering with Phaseless Data Generated by Point Source Waves
W 5
BT R ORF

Abstract: This talk concerns the Bayesian approach to inverse acoustic scattering problems of
inferring the position and shape of a sound-soft obstacle from phaseless far-field data generated by
two-dimensional point source waves. Given the total number of obstacle parameters, the Markov
chain Monte Carlo (MCMC) method is employed to reconstruct the boundary of the obstacle in a
high-dimensional space, which usually leads to slow convergence and prohibitively high
computational cost. We use the Gibbs sampling and preconditioned Crank-Nicolson (pCN) algorithm
with random proposal variance to improve the convergence rate, and design an effective strategy for
the surrogate model constructed by the generalized polynomial chaos (gPC) method to reduce the
computational cost of MCMC.

12
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Parallel finite-volume discrete Boltzmann method

for inviscid compressible flows on unstructured grids

S

=3
A~ BE

o [ A 2 fr I 46 3 A AR IR

Abstract: In this talk, a finite-volume discrete Boltzmann method based on a cell-centered scheme
for inviscid compressible flows on unstructured grids is presented. In the new method, the
equilibrium distribution functions are obtained from the circle function in two-dimensions (2D) and
the spherical function in three-dimensions (3D). Moreover, the advective fluxes are evaluated by
Roe’s flux-difference splitting scheme, the gradients of the density and total energy distribution
functions are computed with a least-squares method, and the Venkatakrishnan limiter is employed to
prevent oscillations. To parallelize the method we use a graph-based partitioning approach that also
guarantees the load balancing. The method is validated by seven benchmark problems: (a) a 2D flow
pasting a bump, (b) a 2D Riemann problem, (c) a 2D flow passing the RAE2822 airfoil, (d) flows
passing the NACAO0012 airfoil, (e) 2D supersonic flows around a cylinder, (f) an explosion in a 3D
box, and (g) a 3D flow around the ONERA M6 wing. The benchmark tests show that the results
obtained by the proposed method match well with the published results, and the parallel numerical
experiments show that the proposed parallel implementation has close to linear strong scalability,
and parallel efficiencies of 95.31% and 94.56% are achieved for 2D and 3D problems on a
supercomputer with up to 4800 processor cores, respectively.

4_\.‘

Numerical Survey On Cardiac Elasticity

Simulations in Parallel Environment
¥R

o B A B w I e A A BT

Abstract: Cardiac function is fulfilled by the periodic systolic and dystolic deformation of the heart
muscles, which, in a mechanical point of view, can be described by the theory of hyper elasticity. In
this talk, we propose a highly efficient numerical method for simulating the cardiac elastodynamics,
and investigate the performances of the numerical solver that is built based the finite element
method.

13
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KA AE &M R B R Nesterov & fmif B LA 5
T, v 1
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Abstract: 7 Hilbert %= [5] # 4t X & & 2 M LML E EE T 72 ANAEF R, 4 4 Kaczmarz
Amik kg fn Nesterov XN R, RET LAREFRNERTE, AE6E LW
fF BN AT T TR RS An IE U, ST B4R W 77 i LR T B 2 BOR Al A i 8ok %
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A new second order dynamic method for

solving linear inverse problems in Hilbert spaces
=N

LR HE T A¥

Abstract: In this paper, a new second order dynamic method (SODM) is proposed for solving
ill-posed linear inverse problems in Hilbert spaces. The SODM can be viewed as a combination of
Tikhonov regularization and second order asymptotical regularization methods, where time
dependent regularization parameter is used. A convergence result when the noisy level goes to zeros
is shown. With time discretization, and for different choice of damping parameters, several iterative
schemes are proposed. The relaxed discrepancy principle is applied for the stop criterion. A series of
numerical experiments are implemented. As shown by numerical results, compared with classical
Tikhonov methods and the first order dynamical system method, on the whole, the new method leads
to more accurate approximate solutions while requires less iterative number which indicates that the
proposed SODM is feasible and effective.
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Estimating the memory parameter for possibly
non-linear and non-Gaussian time series with wavelets
%A

FIAEZH A AF

Abstract: The asymptotic theory for the memory parameter estimator constructed from
log-regression with wavelets is incomplete for 1/f processes that are not necessarily Gaussian or
linear. Such a theory is necessary due to the importance of non-Gaussian and nonlinear long memory
models in describing financial time series. To fill this gap, we prove that under an assumption which
can be implied by ergodicity and additional ones, the estimator is asymptotically consistent.

R T 5 A & BRI o R BB T
k3

FIAEZH A AF

Abstract: ASCiES T —f T H & m F A ERA B B A H AT R E 87 ik . BN 1K E 5
AT “HEAUKE” RERET WA BT EHERKR. L7 A KMX (0.5-80s) #
TR T BHAT R B R, FRARTFWRAEMERE ., BA2F KR BN FUERH 4
REMRF AT REN T E . HEEUNLER KA, ZrxE T RAME F 5 TR ERIE
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HUTR A PR R
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A Mixed Finite Element Scheme for

Maxwell's Transmission Eigenvalue Problem
By
BT R RARF

Abstract: We present a new mixed finite element scheme using N\'ed\'elec edge elements to
approximate both the solution and its curl for the Maxwell's transmission eigenvalue problem. We
impose element-wise stabilization instead of stabilization along mesh interfaces. Thus our scheme
can be implemented as easy as standard N\'ed\'elec methods for Maxwell's equations. Through a
discrete energy norm stability due to element-wise stabilization, we prove optimal convergence
under a low regularity condition.
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