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F27K 5% (Yongqiang Cheng) (National University of Defense Technology [ [5£}
PN
Title: Recent Advances in Information Geometric Signal Processing

Abstract: Information geometry has emerged as a powerful non-Euclidean analytical
paradigm for modern signal processing, which maps statistical signal models onto
Riemannian manifolds and exploits intrinsic geometric properties including Fisher
metric, information divergence, and manifold projection to address the limitations of
conventional Euclidean-based methods in non-Gaussian, high-dimensional, and non-
stationary signal scenarios. This talk systematically reviews the state-of-the-art
progress of information geometric signal processing in recent years, covering
fundamental theoretical innovations on manifold modeling, typical engineering
applications in radar signal processing, deep learning integration, and prospective

research directions.

XEESR (Xile Zhao) (University of Electronic Science and Technology H-F#}H:
KF

Title: New Continuous Representation for Multi-Dimensional Data Recovery
Abstract: Classical low-rank tensor representations can only represent data on
meshgrid, which hinders their potential applicability in many scenarios beyond
meshgrid. To break this barrier, we propose a low-rank tensor function representation
(LRTFR), which can continuously represent data beyond meshgrid with infinite
resolution. Specifically, the suggested tensor function, which maps an arbitrary
coordinate to the corresponding value, can continuously represent data in an infinite
real space. Parallel to discrete tensors, we develop two fundamental concepts for tensor
functions, i.e., the tensor function rank and low-rank tensor function factorization. We
theoretically justify that both low-rank and smooth regularizations are harmoniously
unified in the LRTFR, which leads to high effectiveness and efficiency for data
continuous representation. Extensive multi-dimensional data recovery applications

arising from image processing (image inpainting and denoising), machine learning



(hyperparameter optimization), and computer graphics (point cloud upsampling)
substantiate the superiority and versatility of our method as compared with state-of-the-
art methods. Especially, the experiments beyond the original meshgrid resolution
(hyperparameter optimization) or even beyond meshgrid (point cloud upsampling)

validate the favorable performances of our method for continuous representation.

& (Zhi Gao) (Beijing Institute of Technology JtX¥E T K22)

Title: Riemannian Bi-Level Optimization in Machine Learning
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HBHEE Minglu Ye) (China West Normal University FG42IMTE K%)

Title: Two-step inertial projection and contraction algorithm for nonmonotone
variational inequalities with Lipschitz continuous operators

Abstract: This paper develops a two-step inertial projection and contraction algorithm

(TIPCA) to address variational inequality problems (VIP) for nonmonotone and



Lipschitz continuous in Euclidean space. Its difference from the known two-step
inertial method is that the parameter in the second inertial term can be not only a
negative constant, but also a positive constant. The computational complexity of TIPCA
is comparable to that of the classic projection and contraction algorithm (PCA). The
global convergence of TIPCA is established whenever the underlying mapping is
Lipschitz continuous and the solution set of the dual VIP is nonempty. No additional
assumptions on the primal VIP's solution set are required. Numerical experiments show
the efficiency of TIPCA and reveal that a positive parameter in the second inertial term

accelerates convergence more effectively than a negative one.

Z= B2 %% (Chenyi Li) (Peking University JbEA%2)
Title: Accelerated Natural Gradient Method for Parametric Manifold Optimization

Abstract: Parametric manifold optimization arises naturally in scientific computing
and machine learning, particularly in physics-informed neural networks and variational
Monte Carlo. In these problems, neural networks often parameterize state functions or
probability distributions, and the resulting objects carry intrinsic geometric structures.
In this talk, I will present an accelerated natural gradient descent (ANGD) framework
for such problems. The method formulates an accelerated Riemannian gradient flow
with Hessian-driven damping on the underlying state manifold, and discretizes the
resulting dynamics through tangent and cotangent variables to obtain practical
parameter updates. The framework accommodates several geometries, including H”s,
Fisher—Rao, and Wasserstein-2 metrics, and can be combined with different linear
solvers and approximation schemes. I will also discuss the convergence properties of
the continuous-time model and present numerical results on PDE-based learning
problems and many-body quantum systems, illustrating the effectiveness of ANGD

over standard natural gradient methods.

Z=#]%% (Chaorong Li) (Yibin University B F=2£Ft)

Title: Physically Constrained Generative Models for Meteorological Forecasting



Abstract: Recent generative artificial intelligence greatly accelerates meteorological
forecasting, yet most data-driven models ignore intrinsic atmospheric physical rules,
leading to distorted wind, temperature and precipitation fields. This work
systematically elaborates the core principle, implementation methods and application
effects of physically constrained generative prediction systems. Physical equations are
encoded as regularization terms to restrict model generation space. Experiments prove
that physical constraints effectively reduce non-physical artifacts and enhance forecast

reliability for short-range and medium-range meteorological prediction tasks.

X532 (Xinling Liu) (China West Normal University FH4EJHyE K5)
Title: Sparse signal recovery fused smoothness

Abstract: In this talk, we investigate the mathematical theory and numerical algorithms
for the £1-TV model in the context of signal recovery: we derive the sample complexity
of the £1-TV model for recovering signals with sparsity and gradient sparsity. Also we
propose a novel algorithm (PGM-ISTA) for the regularized €1-TV problem, and
establish its global convergence and parameter selection criteria. Furthermore, we
construct a fast learned solver (LPGM-ISTA) by unrolling PGM-ISTA. The results for
the experiment on ECG signals show the superior performance of LPGM-ISTA in terms
of recovery accuracy and computational efficiency. Additionally, we also discuss some

ongoing work and future directions.

# X (Wen Huang) (Xiamen University & [JK2%)

Title: An Inexact Riemannian Gradient Descent Algorithm on the Stiefel Manifold with

One Newton-Schulz Iteration

Abstract: We propose an inexact Riemannian gradient descent algorithm on the Stiefel
manifold (IRGS-StieONS) using adaptive step size, where the *'inexact" refers to the
inexactness of retraction. It is proven that one single Newton-Schulz iteration for the
retraction is sufficient for global convergence and local linear convergence. Compared

to the landing and augmented Lagrangian-based algorithms, the proposed algorithm is

10



the first infeasible algorithm that permits adaptive step size and guarantees global
convergence and local linear convergence under mild assumptions. Moreover, we show
that the local convergence rate depends on the condition number of the Riemannian
Hessian, which matches the Riemannian steepest descent algorithm. This result implies
that the infeasibility in the proposed algorithm does not influence the local convergence
rate. Furthermore, a stochastic gradient version of IRGD-StieONS is proposed and is
shown to achieve the same convergence rate as Riemannian stochastic gradient descent
with decreasing step size. Numerical experiments demonstrate that both
IRGD-StieONS and its stochastic counterpart exhibit superior performance and

robustness.

48/N5% (Xiaogiang Hua) (National University of Defense Technology [ [iFH;
KF
Title: Radar Target Detection on Matrix Manifold: From Shallow to Deep Manifold

Network

Abstract: This talk presents a progressive information-geometric framework for target
detection on the Riemannian manifold. We introduce four interconnected detectors. The
matrix information geometry detector (MIG) models covariance matrices as points on
a Hermitian positive definite (HPD) manifold and employs geometric metrics for robust
target detection. The kernelized MIG detector extends this idea to reproducing kernel
Hilbert spaces, capturing nonlinear dependencies via geodesic decision rules. To reduce
dimensionality and computational cost, the manifold dimensionality reduction detector
projects HPD matrices onto lower-dimensional manifold subspaces while preserving
discriminative geometry. Finally, the deep manifold network learns hierarchical matrix-
valued representations, trained end-to-end with a manifold-preserving loss.
Experiments on radar datasets demonstrate consistent improvements over the shallow
Riemannian baselines. We conclude with computational considerations and future

research directions.
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JKHE (Ye Zhang) (Shenzhen MSU-BIT University JRIIHLEERIAZ)
Title: Neural network yields regularization for ill-posed inverse problems

Abstract: In this talk, we establish universal approximation theorems for neural
networks applied to general nonlinear ill-posed operator equations. In addition to the
approximation error, the measurement error is also taken into account in our error
estimation. We introduce the expanding neural network method as a novel iterative
regularization scheme and prove its regularization properties under different a priori
assumptions about the exact solutions. Within this framework, the number of neurons
serves as both the regularization parameter and iteration number. We demonstrate that
for data with high noise levels, a small network architecture is sufficient to obtain a
stable solution, whereas a larger architecture may compromise stability due to
overfitting. Furthermore, under standard assumptions in regularization theory, we
derive convergence rate results for neural networks in the context of variational
regularization. Several numerical examples are presented to illustrate the robustness of

the proposed neural network-based algorithms.

F3H54E (Ruisheng Ran) (Chongqing Normal University E PRIHiyE AZ2)
Title: Machine Learning Methods and Applications in Matrix Information Geometry

Abstract: This report systematically reviews the theoretical and applied research on
matrix information geometry methods based on symmetric positive definite (SPD)
manifolds across three typical scenarios: brain-computer interface decoding,
mechanical fault diagnosis, and image set classification. The first part focuses on EEG
signal decoding, establishing an SPD manifold modeling framework, proposing
mathematical theories such as distribution discrepancy measures and forward/backward
propagation of statistical moments, and designing SPD domain-adversarial neural
networks. The second part addresses rotating machinery fault diagnosis, constructing
SPD representations of vibration signals, proposing deep metric learning models, and
designing domain-adaptive networks based on geometric moment alignment. The third

part targets image set classification, presenting discriminant neighborhood preserving
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embedding and local preserving projection methods on both Grassmann and SPD
manifolds, along with an SPD autoencoder and its training optimization strategies.
These three lines of work form a complete chain from theoretical foundations and
model design to application validation, and discuss the theories and methodologies of

information geometry in intelligent signal processing.

AR K (Junfei Shi) (Xi'an University of Technology 75 %¥E T K%)

Title: Manifold Deep learning for High-Resolution Polarimetric SAR Images:
Challenges and Approaches

Abstract: Accurate classification of high-resolution polarimetric SAR images is a
prerequisite for the intelligent interpretation of remote sensing data. This report aims to
learn the unique imaging characteristics of high-resolution polarimetric SAR imagery
by integrating physical scattering mechanisms with advanced feature learning methods
on Riemannian manifolds. Specifically, it focuses on overcoming major challenges in
polarimetric SAR image classification, including strong speckle noise, large variations
in object scales, and the non-separability of complex data. To this end, this report gives
a series of novel classification models and methodologies, providing a solid technical

foundation for intelligent and precise interpretation of remote sensing imagery.

#V (L1 Sun) (Beijing University of Posts and Telecommunications Jb % H K
=)
Title: Graph Machine Learning in the Era of Large Model——The Opportunity of

Graph Foundation Model on Vector Bundles

Abstract: Graph is the natural language to model complex, interrelated objects across
diverse domains, including social networks, transportation systems, financial
transactions, and molecular structures. With the advent of Large Language Models
(LLMs) like ChatGPT, artificial intelligence is transitioning from task-specific
paradigms to general-purpose foundation models. However, the inherent non-Euclidean

topology, complex relational dependencies, and high task heterogeneity of graphs pose
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significant challenges for applying existing LLMs. Consequently, the Graph
Foundation Model has emerged as a focal point in contemporary graph learning.
Addressing a fundamental yet underexplored question—what representation space is
best suited for complex graph structures—this talk explores the intrinsic connection
between graph structures and geometry. This talk first introduces the theoretical
framework of Riemannian geometry, examining the unique properties of Riemannian
manifolds such as mixed-curvature spaces and quotient spaces. This talk then reviews
recent advancements in classification, clustering, contrastive learning, graph structure
learning, and continual graph learning leveraging these geometries. Finally, I present
preliminary explorations into constructing graph foundation models based on
Riemannian manifolds, aiming to pave the way for the next-generation graph

intelligence.

%-F1E (Ziheng Chen) (University of Trento &= KFIHFEIERZ)

Title: Hyperbolic Deep Learning: Space, Networks, and Applications

Abstract: Hyperbolic geometry is well-suited for modeling hierarchical and tree-like
structures, making it a powerful tool in geometric deep learning. In this talk, I will
present three recent works on hyperbolic deep learning from the perspectives of
geometry, networks, and applications. First, I will introduce Proper Velocity Space, a
stable and unconstrained model of hyperbolic space. I will then discuss how ideas from
metric geometry can guide the design of hyperbolic neural networks. Finally, I will
present an application to EEG decoding, where hyperbolic embeddings help capture
hierarchical structures in EEG signals. Together, these works illustrate how hyperbolic

geometry can lead to principled and effective deep learning models.

¥ R4 (Donghua Shi) (Beijing Institute of Technology 1t ¥ T K2%)
Title: Curvature shaping control of nonlinear mechanical systems

Abstract: This talk introduces a curvature-shaping approach for stabilizing nonlinear

mechanical systems. The procedure involves modifying the metric to change curvature,

14



thus making the geodesics corresponding to the closed-loop system confined within a
prescribed region. The control laws realizing curvature shaping are derived for fully
actuated and underactuated systems, respectively. The effectiveness of the proposed
approach is demonstrated through the stabilization of the cart-pendulum system. The
curvature shaping method reduces stability verification to a scalar sectional curvature,
facilitates intuitive parameter tuning, and suggests a promising geometric framework
for robust control design in robotics and aerospace systems. This is a joint work with

Benliang Wang and Yongxin Guo.

%14 (Jianyi Chen) (Beijing Institute of Technology JLFIH T k%)
Title: MACRO: A Benchmark for Clarification-Aware Multi-Agent Orchestration

Abstract: Clarification-aware multi-agent orchestration is challenging because
systems must elicit missing information, maintain task state, and coordinate dependent
subtasks. Existing benchmarks do not comprehensively evaluate such orchestration
under underspecified user requests, focusing instead on end-to-end success or isolated
abilities like tool use and dialogue. We introduce MACRO, a travel-domain benchmark
designed to address these gaps by providing structured task tiers, process-level user-
side and system-side milestone annotations that include expected user clarifications,
and standardized sub-agent interfaces. MACRO-Full contains 107 fully annotated tasks
with 703 milestones, and MACRO-Core provides a tractable 30-task subset with 164
milestones. We evaluate three representative orchestration frameworks and a reference
decoupled planning--execution orchestrator (MACRO-DPE) using trace-level metrics
and failure analysis. Results show that MACRO-DPE improves routing fidelity and
execution efficiency while maintaining task completion, whereas staged planning

ensures milestone coverage at higher cost.

33k (Ronghuo Dai) (China West Normal University F54EITE K2%)
Title: W1/ /A&7 T HEFR Y2 H1 1 17 T
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¥ (Chun Wang) (Changzhi University {7822F58)

Title: A new technique of ADM to improve the precision and stability of numerical

solutions

Abstract: In this talk, a new technique of Adomian decomposition method (ADM) for
the numerical solutions of nonlinear differential equations and mathematical models is
presented. Different from the traditional ADM and LADM (Laplace Adomian
decomposition method), the main idea of this new technique is to properly divide the
interval where the problem is to be into several subintervals and then apply ADM on
each subinterval, respectively. When applying ADM on the latter subinterval, we take
the approximate solution on the former subinterval as the initial value so that we can
get the numerical solutions at the nodes of these subintervals by calculating in turn. The
new technique of ADM has higher precision than the original and traditional ADM and
LADM. By using this technique, the accuracy of the numerical solutions is greatly
improved. An obvious advantage of this technique is that the precision of the numerical
solutions can be finely adjusted according to the actual needs. On the other hand,
compared with the traditional method, the errors of the numerical solutions obtained by

this technique have a very strong stability.
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#%4E (Yu Pan) (University of Sydney Z&JE K2%)
Title: Online-Optimized RAG for Tool Use and Function Calling

Abstract: In many applications, retrieval-augmented generation (RAG) drives tool use
and function calling by embedding the (user) queries and matching them to pre-
specified tool/function descriptions. In this report, we address an embedding
misalignment issue that often arises in practical applications due to imperfect
embedding models or noisy descriptions; such misalignment may lead to incorrect
retrieval and task failure. We introduce Online-Optimized RAG, a deployment-time
framework that continually adapts retrieval embeddings from live interactions using
minimal feedback (e.g., task success). Online-Optimized RAG applies lightweight
online gradient updates with negligible per-query latency and requires no changes to
the underlying LLM. We provide a problem-dependent theoretical analysis that
quantifies how the method's performance depends on the initialization quality of the
embeddings and other related quantities. Across diverse tool-use and document-
retrieval scenarios, our Online-Optimized RAG consistently improves tool selection
accuracy and end-task success, thus providing a simple, practical path to robust, self-

improving RAG systems.

o) B3 (Zhengrui Xiang) (Imperial College London 7 E ¥ T.22B5%)
Title: DVD: Discrete Voxel Diffusion for 3D Generation and Editing

Abstract: We introduce Discrete Voxel Diffusion (DVD), a discrete diffusion
framework to generate, assess, and edit sparse voxels for SLat (Structured LATent)
based 3D generative pipelines. Although discrete diffusion has not generally displaced
continuous diffusion in image-like generation, we show that it can be an effective first-
stage prior for sparse voxel scaffolds. By treating voxel occupancy as a native discrete
variable, DVD avoids continuous-to-discrete thresholding and provides a simple
framework for voxel generation, uncertainty estimation, and editing. Beyond quality
gains, DVD provides more interpretable generation dynamics through explicit

categorical modeling. Furthermore, we leverage the predictive entropy as a robust

17



uncertainty metric to identify ambiguous voxel regions and complicated samples,
facilitating tasks such as data filtering and quality assessment. Finally, we propose a
lightweight fine-tuning strategy using block-structured perturbation patterns. This
approach empowers the model to inpaint and edit voxels within a single sampling round,

requiring negligible auxiliary computation and no additional model evaluations

7% (Xingming Gao) (Beijing Institute of Technology JtI¥E T K22)

Title: Novel discrete transparent boundary conditions for the two-dimensional time-

dependent Schrédinger equation on a rectangular region

Abstract: This work investigates discrete transparent boundary conditions for the time-
dependent Schrodinger equation and develops two new approximate discrete
transparent boundary conditions for two-dimensional problems within the Crank-
Nicolson scheme. The proposed treatments accurately describe wave transmission
through artificial boundaries while enabling efficient computation on bounded domains.
A rigorous stability analysis is established for the coupled CN-ADTBC schemes. To
quantify residual numerical reflections, an a posteriori reflection indicator is introduced
by extending the computational domain. Numerical experiments show that the methods
achieve second-order accuracy in both space and time and effectively suppress artificial
reflections under various incident angles and potential configurations, demonstrating

their accuracy, robustness, and applicability to open quantum-system simulations.

M E (Linyu Peng) (Keio N KF)
Title: Moving frames and symmetry-preserving variational integrators

Abstract: Moving frames provide a powerful geometric framework for the systematic
construction of differential and difference invariants associated with Lie group actions.
Originating from the classical work of Cartan and later reformulated by Fels and Olver,
modern moving frame theory offers an effective approach to invariantization, symmetry
reduction, and the analysis of geometric structures. This talk presents an overview of

both continuous and discrete moving frame methods, emphasizing their role in invariant
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variational calculus and the derivation of conservation laws. These lead naturally to
invariant Euler-Lagrange equations and an invariant formulation of Noether's theorem,
in which conservation laws are obtained through the adjoint representation of the
symmetry group. The framework is further applied to the construction of invariant
variational integrators, numerical schemes derived from discrete variational principles
that preserve underlying geometric structures and symmetries. Examples include
discrete models of Euler's elastica and the Kepler problem, illustrating how invariant

discretizations preserve conservation laws and exhibit favorable numerical behavior.

FHM (Jixiang Qing) (Lancaster University = FHREKZ)
Title: Self-Induced Active Learning (SIDAL): Learning Only Where It Matters

Abstract: In this talk, we consider the active learning problem where the goal is to
learn an unknown function with low prediction error under a Boltzmann distribution
induced by the function itself. By leveraging Gaussian Process surrogates and
exploiting moment generating function identities to approximate the intractable
Bayesian target distribution in closed form, we propose acquisition functions that avoid
partition function estimation and are applicable to both discrete and continuous input
domains. Under mild regularity conditions, we establish sublinear convergence
guarantees for the terminal prediction error in both high-probability and average-case
settings, and provide the first convergence analysis of existing heuristic approaches
within this framework. These results are validated on synthetic benchmarks and real-
world problems in potential energy surface modeling and molecular drug discovery.

This talk is mainly based on a joint work with Dr. Henry Moss and Dr. Matthias Sachs.

#B¥ (Tao Zheng) (Beijing Institute of Technology JLH ¥ T K2%)
Title: Ricci Flow with Curvature LP Bounds

Abstract: In this talk, we consider Ricci flow with curvature L”p bound for p > n/4+1
and bounded scalar curvature. We show an isoperimetric inequality along such Ricci

flow, which generalizes Tian-Zhang's result in Am. J. Math. 2014. We also consider the
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convergence of this flow and show that there exists a sequence of time slice metrics
converging to a Ricci soliton outside a closed singular set with codimension 2p, and
that the convergence is smooth outside the singular set. Moreover, in the Kéhler-Ricci
flow case, we can estimate the Hausdorff measure of this singular set. This is a joint

work with Professor Chang Li and Professor Liangming Shen.

F# (Jing Wang) (Beijing Wuzi University JbI¥I%25%)
Title: Research on Image Dehazing Based on Deep Learning

Abstract: In this talk, we present our research on deep learning-based image dehazing,
focusing on lightweight and high-precision dehazing network architecture. Our model
integrates diverse attention mechanisms and pooling modules and is optimized via a
hybrid loss function, enabling it to handle complex scenarios with non-uniform and
dense haze. Experimental results show that the proposed method outperforms
traditional dehazing algorithms. Combined with YOLOVS, the model can effectively
improve the accuracy of road object detection in foggy weather. This work was

completed in collaboration with Wang Zixuan and Li Shaoxin.

FEFK (Yuxin Wang) (China University of Geosciences Beijing H B 5 K22)
Title: /[ /7 5171 5 RFEH 7 W00 11— F ik 515 B LT 25719
Abstract: ARENG)UT SR EEEE CEEPENT U b2 o LD
FUF TUEBH YD S . B DU U S8R 4h s 4L, I g TR
BRHARINESE, fE# i R b S URAR (] B N FERR 3R, 35 Bh 2 AR i Sr 3 T UART 22 R Y
BN A IEES & R E 5 1R T, AR N 2>
PrEE 7 IR R, RN U A0S B U AN B TR R AR 3 3

ZEHAHH Mingming Li) (Yibin University B =225 )
Title: Bayesian Inference from an Information-Geometric Perspective: Geometric

Structure of Statistical Models and Construction of Jeffreys Priors
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Abstract: In this talk, we introduce an information-geometric approach to Bayesian
inference, providing a natural differential-geometric framework for parametric
statistical models, where the Fisher information matrix endows the parameter manifold
with a Riemannian metric, and the Jeffreys prior coincides with the volume form

induced by that metric, thus ensuring parametrization invariance in Bayesian inference.

#MEME (Fupeng Sun) (Imperial College London 7 B ¥ T 22F% )
Title: LLM Competition and the Aggregator Economy

Abstract: Large Language Model (LLM) aggregators, such as Poe and ChatHub, sell
a single subscription that gives users access to the models of multiple competing
providers, exploiting the providers' horizontal differentiation across tasks and vertical
differentiation in performance. For LLM providers such as OpenAl and Anthropic, an
aggregator is simultaneously a complement and a competitor: it generates wholesale
API revenue, but it cannibalizes direct retail subscriptions. We develop a game-
theoretic framework in which two LLLM providers, each stronger in one of two features,
serve users with heterogeneous feature preferences who choose between subscribing
directly, subscribing to the aggregator, or opting out. We show that the aggregator
serves users with balanced preferences, and that its impact on providers reverses as the
market matures: in unsaturated markets it primarily expands coverage, so providers
gain API revenue at little cost to their subscription base, whereas in saturated markets
it grows by cannibalizing direct subscriptions and benefits a provider only if its API
margin is sufficiently high. Aggregation also redirects innovation incentives: improving
a provider's strong feature steals market share from its rival but enlarges the
aggregator's user base, while improving its weak feature wins users back from the
aggregator. Finally, when users differ in usage intensity, heavy users subscribe directly
while light, variety-seeking users adopt the aggregator, rationalizing the tiered pricing

and usage caps observed in practice.
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