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Toward High Performance Elastodynamics Simulations of the Human Heart
Bsise (hEPRABEGYISERERORRTZEBE) 2025 4F 8 A 3 H 9:10-9:30

We present a parallel computational framework for cardiac elastodynamics that combines nonlinear fi-
nite elements, fully implicit time integration, and adaptive time-stepping to simulate the complete four-
chamber heart. The methodology introduces nonlinear elimination as an effective preconditioning strategy
to address the significant computational challenges posed by myocardial mechanics, particularly during
rapid contraction phases and complex chamber interactions. Our approach incorporates patient-specific
anatomy with anisotropic hyperelastic material properties and active stress generation based on myocar-
dial fiber architecture. The numerical implementation features a parallel domain decomposition solver
and adaptive time-stepping that automatically adjusts temporal resolution during critical phases of the
cardiac cycle. This provides both numerical stability and computational efficiency when handling meshes

with over 200 million degrees of freedom.

An efficient solver for two-phase flows and thermal convections with Spectral convergence

in three dimensions
DON LIU ([A#FR2) 2025 4E 8 A 3 H 9:30-9:50

Two-phase flows involving particles in a carrier fluid is ubiquitous in nature. An efficient algorithm using
mixed Eulerian-Lagrangian approach implemented in three dimensional irregular volumes with spectral
element method is presented here. Simulation results were validated against experimental data and verified
with other reliable results. Flexible spatial refinements and spectral convergence were demonstrated. This

method is viable for investigating two-phase flows in complex geometry with decent accuracy.

A Bernoulli-barycentric rational matrix collocation method with preconditioning for

evolutionary PDEs
R (FORIAZ k%) 2025 48 8 A 3 H 9:50-10:10

We propose a Bernoulli-barycentric rational matrix collocation method for two-dimensional evolutionary
partial differential equations (PDEs) with variable coefficients. This method combines Bernoulli polyno-
mials with barycentric rational interpolations in time and space, respectively. The theoretical accuracy of
the proposed numerical scheme is proven to be O <(27r)_N + hda—1 4 hg“fl), where N is the number of

basis functions in time, and h, and h, are the grid sizes in the x and y-directions, respectively. Addition-

ally, 0 < d, < bh_—:, 0<d, < dh_y <. To efficiently solve the linear systems arising from the discretizations,
we introduce a class of dimension-expanded preconditioners that leverage the structural properties of the
coefficient matrices. A theoretical analysis of the eigenvalue distributions of the preconditioned matrices is
provided. The effectiveness of the proposed method and preconditioners is demonstrated through numer-
ical experiments on real-world examples, including the heat conduction equation, the advection-diffusion

equation, the wave equation, and telegraph equations.
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ing, modern-Fortran framework for solving sparse linear systems with preconditioned iterative methods.
Designed for both academic and industrial fields, HybridSparse aims to provide a convenient tool set for
beginners of scientific computation and a modular extensible architecture for advanced users with specific

requirements. The key features will be discussed and the performance will be demonstrated.
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Parameter-robust preconditioner for Stokes-Darcy coupled problem with Lagrange

multiplier
5 (IWEK¥E) 2025 4F 8 H 4 H 9:00-9:20

In this talk, we propose a parameter-robust preconditioner for the coupled Stokes-Darcy problem equipped
with various boundary conditions, enforcing the mass conservation at the interface via a Lagrange multi-
plier. We rigorously establish that the coupled system is well-posed with respect to physical parameters
and mesh size and provide a framework for constructing parameter-robust preconditioners. Furthermore,
we analyze the convergence behavior of the Minimal Residual method in the presence of small outlier
eigenvalues linked to specific boundary conditions, which can lead to slow convergence or stagnation.
To address this issue, we employ deflation techniques to accelerate the convergence. Finally, numerical

experiments confirm the effectiveness and robustness of the proposed approach.
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Multilevel learnable solver and parallel RAS-PML for high wavenumber Helmholtz

equation
MR (PEPEEBREE S R REEDTEE) 2025 48 8 J] 4 H 9:40-10:00

The high-wavenumber Helmholtz equation is notoriously challenging to solve numerically. In this talk,
we present two innovative approaches to address this problem: a pure Al solver (MGCFNN) based
on a multilevel hierarchy and a novel parallel domain decomposition method (RAS-PML). Both methods
achieve an optimal O(k) convergence rate, with RAS-PML additionally attaining O(k) runtime complexity.
We discuss the strengths and computational efficiency of these solvers, demonstrating their potential for

large-scale wave propagation problems.
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A Highly Scalable Parallel Algorithm for Non-Newtonian Blood Flow in Intracranial

Aneurysm
R (hERABERIEERORBIAE) 2025 45 8 A 4 H 11:00-11:20

Numerical simulations of blood flow offer valuable insights into hemodynamic behavior in both healthy and
diseased vascular systems. Although blood exhibits non-Newtonian property, most image-based models
simplify the problem by assuming Newtonian behaviour. While this assumption is commonly acceptable
for large, healthy arteries, its accuracy under pathological conditions has not been thoroughly studied.
The non-Newtonian effect is characterized by shear-dependent viscosity, as described by models like the
Carreau—Yasuda model formulation in this study. By utilizing a supercomputer platform and patient-
specific blood flow parameters, the present work applies a fully implicit overlapping domain decomposition
method to solve the three-dimensional non-Newtonian Navier-Stokes equations in a cerebral artery with
an intracranial aneurysm. To enhance numerical convergence, an analytically derived Jacobian matrix
is implemented. The algorithm is validated through a benchmark test and a series of mesh convergence
studies. Numerical results confirm its scalability to thousands of processor cores and its robustness against

variations in model parameters.

An Efficient 2D Fusion Method for High-Performance Two-Stage Eigensolvers on Modern

Heterogeneous Architectures
REBL (J5fEK2E) 2025 4E 8 H 4 H 11:20-11:40

Solving a significant portion of the eigensystem is a critical problem in numerical linear algebra and is
widely applied in real-world applications. As problem sizes increase, the two-stage tridiagonalization
method has emerged as the state-of-the-art approach and has been implemented in well-known libraries
such as LAPACK, PLASMA, and MAGMA. Its major performance bottleneck is the tridiagonal-to-band
back transformation of eigenvectors (st2sb) due to the dilemma between limited operational intensity and
excessive computational cost. This challenge is further exacerbated by the growing imbalance between
computational speed and memory bandwidth in modern heterogeneous architectures. To address this
challenge, this paper introduces a 2D Fusion method to decouple the operational intensity from the
computational cost of st2sb. To reduce the intrinsic overhead of 2D Fusion for large fusion factors, we
further propose an effective skipping strategy. Our 2D Fusion enhances the performance of all existing two-
stage eigensolvers without loss of accuracy. We evaluated the effectiveness of 2D Fusion in MAGMA and
LAPACK across various problem sizes: on the Nvidia A100 GPU, 2D Fusion improves the performance of
eigenvalue decomposition in MAGMA by an average speedup of 1.06x for matrices larger than 24kx24k
in FP64; on the SW26010-Pro, 2D Fusion accelerates the two-stage eigensolver tuned on LAPACK with
an average speedup of 1.19x for eigenvalue decomposition in both FP32 and FP64.
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MatExPre: A matrix exponential iterative method for the high-frequency Helmholtz

equation
M (Bl o) 2025 4F 8 A 4 H 11:40-12:00

In this talk, we present a new iterative method, MatExPre, for the high-frequency Helmholtz equation by
leveraging the properties of matrix exponentials. Our approach begins by reformulating the Helmholtz
equation into a Schrodinger-like equation and constructing a time-domain solver based on a fixed-point
iteration. We then establish a rigorous connection between the time-domain solver and matrix exponential
integrators, which enables us to derive algebraic preconditioners that rely solely on sparse matrix-vector
products. Spectral analysis and a detailed numerical implementation strategy, including performance
improvements achieved through complex shifting, are discussed. Finally, numerical experiments on 2D
and large-scale 3D homogeneous and inhomogeneous models, including benchmark seismic examples,

substantiate the effectiveness and scalability of the proposed methods.
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HTL-WASI preconditioner for finite element discretization of complex ADR equation and

its application
WMot (MER2E) 2025 4F 8 H 4 H 14:20-14:40

The convection diffusion reaction (ADR) equation is widely used in engineering applications. In this talk,
we focus on a general complex ADR equation with impedance boundary conditions, prove the coerciveness
and boundedness of the sesquilinear functional and discuss the fast solver of the discretization. First,
an ideal coarse space is designed to overcome the dependence of the Weighted Additive Schwarz with
Impedance (WASI) preconditioner on the number of subdomains and the overlapping width. Although
it can be proved that the corresponding hybrid two-level preconditioner is the exact inverse of the ADR
coefficient matrix, the dimension of this coarse space is too big. To remedy this shortcoming, a smaller
dimensional coarse space was constructed by introducing local generalized eigenvalue problems (GEP)
on each subdomain, and the descent rate of the corresponding two-level preconditioned GMRES method
was rigorously analyzed which does not depend on the mesh size, the subdomain size, the overlapping
width and the model parameters under certain assumption. Since the GEP on each subdomain needs to
be solved and the size of the coarse space is still too large, the computational cost is too high. Therefore,
we design an iterative method based on an economical two-level preconditioner, and establish a heuristic
convergence theory that is supported by numerical results. Numerical experiments show the robustness
of GMRES with the corresponding economical two-level preconditioner (HTLE-WASI-GMRES). Finally,
for the Helmholtz finite element discretization, by using the Shifted Laplace technique and the Wave-Ray
concept, we design a novel fast solver combining with HTLE-WASI-GMRES for ADR equation. Numerical

experiments have demonstrated the effectiveness of the algorithm.

General two-level iterative methods
BEM (KEREE) 2025 4F 8 A 4 H 14:40-15:00

In this talk, we introduce a convergence theory for general two-level iterative methods, whose hierarchical
spaces can be either overlapping or nonoverlapping. Specifically, we first give a succinct and easy-to-
use identity for characterizing the convergence factor of two-level methods with Galerkin coarse solver,
followed by discussions on its applications. Then, we present several convergence estimates for two-level
methods with approximate coarse solvers, including both linear and nonlinear cases. Numerical examples

are also provided to illustrate our theoretical results.

Accelerating Nonlinear PDE Solvers with Machine Learning-based Preconditioning
skifF (BRITR2:) 2025 4E 8 H 4 H 15:00-15:20

Nonlinear preconditioning techniques enhance the robustness of Newton-type solvers for highly nonlin-
ear PDEs by balancing system nonlinearities. Effective identification of components that hinder the
convergence remains to be a challenge. We present machine learning-based strategies that learn these
problematic features directly from nonlinear residuals. We explore using Principal Component Analy-
sis(PCA) to identify a slow residual subspace for improved initial guesses, and an autoencoder Neural
Network (NN) to guide a nonlinear elimination preconditioner. For the driven cavity flow problem, both
approaches are shown to significantly improve the solver efficiency and robustness, especially for high

Reynolds number regimes where standard methods struggle.
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A recycling variant of Block BiCGSTAB with breakdown-free technology for sequences of

linear systems
Phgegt (RTFRHERSE) 2025 45 8 H 4 H 16:20-16:40

We consider iterative solution of a sequence of linear systems arising in scientific and industrial simulations
with both left-hand sides and multiple right-hand sides possibly exhibiting slowly-changes. A recycling
variant of block BiCGSTAB (referred to as BI-RBiCGSTAB) is proposed under the Krylov subspace
recycling framework to efficiently solve such systems by recycling subspace information during iterations.
In order to obtain effective recycling information, two hybrid algorithm schemes based on BI-RBiCGSTAB
are proposed, which recycle the approximate eigenspaces corresponding to a few smallest eigenvalues in
magnitude of the coefficient matrix and approximate solution space from solution of the previous system
respectively. Furthermore, a breakdown-free variant of BI-RBiCGSTAB termed as BF-BI-RBiCGSTAB
is proposed with techniques customized from the breakdown-free block CG method, in order to address
the issue of rank deficiency in the residual matrices. And the convergence analysis of BF-BI-RBiCGSTAB
is made in terms of upper bounds of its residual norms. Numerical experiments conducted on a set
of academic and engineering simulation problems demonstrate the convergence efficiency of the BF-BI-
RBiCGSTAB method.

CRAMG: — R b {5 U8 2 MRS 5 i
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