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Solving convolution-type integral equations with preconditioned neural
operators

Raymond Honfu Chan (Lingnan University)

Abstract: Convolution-type integral equations arise from various fields, e.g., finite
impulse response filters in signal processing and deblurring problems in image
processing. When solving these equations, conventional numerical methods, like the
multigrid method, can only efficiently solve the low-frequency components in the error,
but not the high-frequency components. In this paper, we apply neural operators to
address this issue. By adopting a preconditioning approach, we propose a novel training
strategy that trains neural operators to solve the high-frequency components efficiently.
Then, we combine the neural operators with some classical iterative solvers, like the
weighted Jacobi method, to obtain an efficient hybrid iterative algorithm for the integral
equations. We analyze the generalization error of our training strategy and the
convergence of the hybrid iterative algorithm. We test our algorithms on large-scale and
ill-conditioned linear systems discretized from one- and two-dimensional
convolution-type integral equations. Our proposed algorithm significantly outperforms
the multigrid method and the preconditioned conjugate gradient method in both iteration
numbers and computational time.

A General Deep Embedded Modelling Framework for Data Fusion
ARSI (R T R AF)

Abstract: This talk primarily explores how to embed deep learning priors and traditional
variational optimization model into a general modelling framework, which can
effectively enhance the accuracy, generalizability, and interpretability of current
intelligence methods. The talk mainly covers two aspects: 1) introducing the general
embedded modelling framework, which bridges traditional variational optimization
models and deep learning models; 2) giving some examples of the general embedded
modelling framework, which are successfully applied to some representative data fusion
tasks, also analyzing the relationship between these techniques and current mainstream
deep learning approaches.



Al for Mathematics: MK ¥k F 3 Bsi#HE

EW (L AFE, WEETEFEFTF Q)

WE: ATHETEAENKFF RN EIFRITE T, Al for Mathematics”
(Al4Math) 4, 87 b6 & A — A Hrir X BB R XA Wl ARER T RETALE
REdn T RE S F A R W TR B 307, JF BB 4F 5k Al4Math AT R 35 TR & 1
. mltERE, REFIIE-—MROEA: BHFERAM, FEUPREST ZAK
FRPNBT UKL, ERFAATERAFEERN TR ET RREM. BAX
— XA, MEFNBARAF AldMath FR 2B R ZAX], R BIAER XM
BAET AR, B EEAGMEMEERERRERF T EIE O BEAR.
wE, MEFHL—FEZE AldMath YR K 2 & 7 o KA R F A 7 0 X RE 7 &

GRRZEa P

REREFN 5EFEEMA

FHE (L FEAF)

WE: AGRE. BB E5EXERIAAREFINES TRET LEHE, B4
RN RR . AREA R VAR B A 5 0 o A % 77 BT T W i % Bk, A SN RATE
RE SRR, RAEARL RS A EWA R T, 3 R R B GIRZ A, #
HT —MREARIISHEAFRETER, ARBeLRAENERESERTEMN
. EEHMEABESF, BT TAEERT SWEEEFIHTLRRE. £E
FEG T AE, BISRAF ]G RAEEET RA I, @1 w w KA T4 ]
R 7k SRRESKF TR RN LR, UWARIUEXGERE5EMH
TR BB L REER T ME.

Toward theoretical insights into diffusion trajectory distillation via

operator merging

sILE (EERF)

Abstract: Diffusion trajectory distillation accelerates sampling by training a student
model to approximate the multistep denoising trajectories of a pretrained teacher model
using far fewer steps. Despite strong empirical results, the tradeoff between distillation
strategy and generative quality remains poorly understood. We provide a theoretical
characterization by reinterpreting trajectory distillation as an operator merging problem,
differentiating our analysis between two distinct regimes. In the linear Gaussian regime,
where approximation error is zero, we isolate optimization error, specifically signal



shrinkage driven by finite training time, as the primary bottleneck. This characterization
allows us to derive the theoretically optimal merging strategy, which exhibits a
variance-driven phase transition and is computable via a Pareto dynamic programming
algorithm. In the nonlinear Gaussian mixture regime, we prove that distilling composite
steps incurs unavoidable approximation error due to the exponential growth of mixture
components, and we quantify how these errors amplify across merges. Together, these
results clarify the distinct theoretical mechanisms governing each regime and provide
principled guidance for method selection. This is joint work with Ming Li.
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From black box to glass box: AMM-driven interpretable deep learning

for simultaneous medical image registration and segmentation

R (RNELAF)

Abstract: Medical image registration and segmentation are two fundamental tasks in
medical image analysis, which are often highly correlated and mutually beneficial in
clinical applications. However, most existing methods either treat them as separate tasks
or adopt black-box deep learning frameworks that lack mathematical interpretability and
reliable physical constraints. To address these limitations, this paper proposes a
mathematically interpretable joint segmentation and registration framework, which
naturally unifies variational energy functionals, numerical optimization algorithms, and



deep learning network design. Each network module is endowed with clear physical
meaning, effectively avoiding the uncertainty inherent in black-box models. Specifically,
we design an alternating minimization method (AMM) iterative algorithm and
rigorously prove its convergence, based on which we develop an AMM-driven
interpretable deep learning method for simultaneous medical image registration and
segmentation. Furthermore, we design specialized physical constraint modules,
including the TVAct module for segmentation (to handle total variation regularization)
and the LaplaceAct module for diffeomorphic registration (to handle Cauchy-Riemann
constraint for diffeomorphic image registration). Theoretical results are provided to real
the mechanism why the proposed neural network provides plausible solutions for
segmentation and diffeomorphic registration.
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Advances in Self-Supervised Image Denoising: From Gaussian Noise to
Real-World Noise

LHE G E LK)

Abstract: Image denoising is a fundamental task in image restoration and a key
component in solving inverse imaging problems. Deep learning has achieved remarkable
success in denoising, particularly through supervised learning; however, its reliance on
ground-truth images for network training limits its broader applicability in real-world
scenarios. Recent research has increasingly shifted towards truth-free learning
paradigms, where models are trained directly on noisy data without requiring clean
references. In this talk, I will present a sequence of works on self-supervised image
denoising, progressively addressing more complex noise models, from i.i.d. Gaussian
noise to pixel-wise independent heteroscedastic noise, and ultimately to pixel-wise
correlated noise observed in real-world data. Built upon data augmentation and
mask-and-predict training strategies, our approaches enable networks to learn denoising
solely from noisy observations. Experimental results demonstrate that the proposed
self-supervised denoisers achieve performance.
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Wavelet-like-based methods for retrieving modes from non-stationary

multicomponent signals

B8 FIKF)

Abstract: In practical scenarios, most signals manifest as multi-component ones. To
optimize the handling of such signals, a key step is to isolate the unknown constituent
parts of the target multi-component signal from blind-source datasets. Empirical Mode
Decomposition (EMD), first proposed by Norden Huang and his research team, breaks
down a signal into a combination of intrinsic mode functions. EMD and its derivative
techniques—such as Iterative Filtering Decomposition (IFD)—have found extensive use
across diverse domains. Roughly ten years ago, Ingrid Daubechies and her collaborators
developed the Synchrosqueezing Transform (SST), an effective and mathematically



rigorous approach for mode extraction. Nevertheless, EMD, IFD, SST, and their variants
share a common constraint: they demand that signal components are clearly
distinguishable in the time-frequency domain, which means their instantaneous
frequencies (IFs) must not intersect. This limitation creates a major obstacle in numerous
practical applications; for instance, in radar data analysis, multi-component signals often
overlap
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Path-wise Convergence Analysis of Diffusion Models for Image

Generation
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Abstract: We provide a path-wise convergence analysis of diffusion models for image
generation through a localization. Our analysis shows how both the noise schedule and
the choice of drift term in the forward diffusion model shape convergence behavior. This

provides sharper theoretical guarantees and offers insights into the principled design of
forward processes in diffusion-based image generation.
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Variational Bayesian Inference for Tensor Robust Principal

Component Analysis

XA A (H T e A

Abstract: Tensor Robust Principal Component Analysis (TRPCA) holds a crucial
position in machine learning and computer vision. It aims to recover underlying
low-rank structures and characterizing the sparse structures of noise. Current approaches
often encounter difficulties in accurately capturing the low-rank properties of tensors
and balancing the trade-off between low-rank and sparse components, especially in a
mixed-noise scenario. To address these challenges, we introduce a Bayesian framework
for TRPCA, which integrates a low-rank tensor nuclear norm prior and a generalized
sparsity-inducing prior. By embedding the priors within the Bayesian framework, our
method can automatically determine the optimal tensor nuclear norm and achieve a
balance between the nuclear norm and sparse components. Furthermore, our method can
be efficiently extended to the weighted tensor nuclear norm model. Experiments
conducted on synthetic and real-world datasets demonstrate the effectiveness and
superiority of our method compared to state-of-the-art approaches.

Tensor Computations and Data Learning

=EE (FBE2KF)

Abstract: In this talk, I share my results in tensor decompositions, hypergraph learning,
and data fusion applications. Both theoretical and numerical results are presented for
demonstration and discussion.
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A Normalized Parametrization of Accelerated Gradient Flows and

Structure-Preserving Discretizations

FE(HILVATE A %)

Abstract: We study a normalized parametrization of accelerated gradient flows for
convex optimization. The parametrization introduces a scaling parameter
$\alpha>0$ that makes the interaction between time scaling, damping, Lyapunov
dissipation, and discrete stability explicit. In continuous time, the normalized flow
admits a Lyapunov decay estimate with rate $e”{-\alpha t}$. Based on this normalized
formulation, we derive a family of structure-preserving discretizations, including
implicit, semi-implicit, predictor-corrector, and gradient-corrected schemes. We further
extend the framework to composite optimization and propose velocity-based proximal
splitting schemes, in which the proximal operator is applied to a velocity-related variable
before recovering the position update through the flow relation. Finally, numerical
experiments on representative test problems illustrate the effect of $\alpha$ on
convergence behavior.

Effective Solutions to Robust Orthogonal Nonnegative Matrix

Factorization via Oblique Manifold Transformation

THE (LREBEZEAF)

Abstract: In this talk, we address the problem of robust orthogonal nonnegative matrix
factorization (RONMEF), a crucial challenge in data analysis. We first propose a RONMF
model that explicitly handles both dense and sparse noise, making it suitable for a wide



range of real-world applications. To circumvent the computational complexity
associated with the Stiefel manifold and effectively solve the proposed model, we
introduce an exact penalty method that transforms the optimization problem from the
Stiefel manifold to the Oblique manifold. To achieve this, we develop the EP-RONMF
algorithm, which seeks a point satisfying the weak second-order optimality conditions
through an alternating proximal method and iterative updates of the penalty parameter.
This approach successfully addresses the nonconvex nature of the ONMF problem and
ensures convergence to a stable solution. To validate the efficacy of our method, we
conducted extensive experiments on diverse datasets, including image, text, and
hyperspectral data. The results clearly demonstrate the superiority of our approach
compared to existing techniques.

Learning Explicitly-Driven Unsupervised Frameworks for Variational

Deformable Image Registration

KEF (HEAF)

Abstract: Although existing unsupervised medical image registration frameworks are
computationally efficient, they are largely limited by implicit regression-based
formulations. Because they infer deformations via black-box feature concatenation, they
do not incorporate an explicit displacement-indexed matching mechanism. To overcome
this, we introduce registration frameworks inspired by classical variational models, in
which the matching process is explicitly driven by a velocity field or a Betrami
coefficient. Extensive experiments on brain MRI (OA SIS, IXI) and abdominal CT
(LiTS) datasets demonstrate that the proposed methods effectively disentangle complex,
heterogeneous deformations, achieving state-of-the-art accuracy, strong generalization
capability, and high inference efficiency, all under strong topology-preserving
regularization.

Hierarchical Exact Solver for Large-scale Optimal Transport and its

applications

wK/NEE (LR K )

Abstract: Optimal transport (OT) underlies many machine-learning and
computer-vision tasks, yet solving large-scale OT problems under a tight memory
budget remains challenging because of an inherent trilemma among precision, memory
efficiency and dimensional scalability. To resolve this trade-off we propose a
memory-efficient, dimension-scalable hierarchical exact solver for large-scale OT with
low-rank cost. The proposed algorithm is a multi-resolution decomposition of the OT



problem coupled with parallel-friendly linear-programming solvers. To guarantee
memory efficiency we strictly bound the storage to linear complexity via active support
pruning. Theoretically, we prove a scale-independent iteration-complexity upper bound
for the refinement phase (consistent with the empirical observation) and show that,
under standard assumptions, the algorithm converges to the global optimum. Numerical
experiments demonstrate the scalability and exactness of the proposed algorithm across
a wide range of regimes. The algorithm is capable to handle million-scale problems in
very high dimensions (n=106, d=8192) on a single GPU, while still delivering exact
solutions on synthetic high-dimensional data. The method thus alleviates the memory
and  scalability  bottlenecks of  existing solvers and  resolves the
precision-memory-dimensionality trilemma for large-scale OT.

Pretrained Transform-Based Tensor Representations

REUR (B FREASF)

Abstract: Recently, Fourier transform-based tensor representations have
been suggested for processing and analyzing multi-dimensional data arising from
real-world applications, where transform and the corresponding latent tensor serve as the
two building blocks of this framework. From both perspectives, this talk will review
recent progress in transform-based tensor representations. On one hand, we will discuss
the evolution of the transform from linear and shallow ones to nonlinear and deep ones.
On the other hand, we will discuss the evolution of the corresponding latent tensor
from shallow and untrained ones to deep and pretrained ones Finally, we will also
discuss the limitations and future possibilities of the transform-based tensor
representation.
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