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From Vessel Behavior to Macroeconomic Outcomes: Shipping as a Supply Chain
Barometer
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?E%ﬁj% : This talk will present an integrated research agenda that uses

vessel-level behavior to measure, identify, and quantify the macroeconomic
consequences of global shipping disruptions. The first part introduces a
global port congestion index constructed from AIS data for major container
ports, and studies the causal effects of supply chain disruption on macro

outcomes. The second part extends the analysis to consider shipping firm as
strategic intermediary, where they actively adjust routes, speeds, capacity allocation, and entry.

We then develop a multi-route general equilibrium model to quantify the impact of shipping
disruptions. We quantify the welfare impact of major shipping disruption events.

BEANEN: FX, &, FLA¥TVIRREHE, BXABREAELAL. BHT
BMAFERBMEFMEFFRNARIENEFIRBFTFAALELRE  EEMaritime
Policy & Management) &|4%%. (FEfi#EY £ EHRE. (Ocean) FHHZL. HEFEMLH
ERhEFEEZRFHEFRARLNERFL2BE HAKE R ALK LZTHFIHAZHEA
FHUYE., PEREBZHAN TSR IELE TEZ R KB ETEABRS,

From Al4Science to Math4Al: Unpaired Data Learning in Cryo-EM
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RERFTE:  Cryo-clectron microscopy (cryo-EM) has emerged as a

powerful tool for determining molecular structures from extremely noisy
imaging data. A fundamental challenge is the preferred orientation problem,
where molecules are observed only from limited viewing directions,
resulting in a severe imbalance in the data distribution. In this talk, I will

demonstrate how this issue can be reformulated as an unpaired data learning
problem, in which the observed distribution does not match the distribution required for
high-resolution reconstruction. I will then present our recent progress on modeling such unpaired
data, along with the associated mathematical analysis.

WEAEN: AL, FEAFEARAKFRAFFOKER . AT AR S F 7
RITB#HE . FEAFBEANFLEELALRERARA. ARABEEEATLLEE. BEHEL
BBk E, T7E SIAM £ 74|, IEEE TPAMI. Nat. Commun. 4 & % #iF|fn &3 £ %
RFEARX0ORE N\BMEREERATFALTE .. REGEMBFZFALATIEEFAL L.
FEIVENA#FFLFEEHRFEL FEZEF L FFAKL, HEH T SIAM Journal on
Imaging Sciences %, EFH LA, XeaZ b E LB M ELTE,

Explicit Symmetric Low-Regularity Integrator for the Nonlinear Schrodinger
Equation
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3R & $53E : The numerical approximation of low-regularity solutions to the

nonlinear Schrodinger equation (NLSE) is notoriously difficult and even
more so if structure-preserving schemes are sought. Recent works have
been successful in establishing symmetric low-regularity integrators for
NLSE. However, so far, all prior symmetric low-regularity algorithms are

fully implicit, and therefore require the solution of a nonlinear equation at
each time step, leading to significant numerical cost in the iteration. In this work, we introduce the
first fully explicit (multi-step) symmetric low-regularity integrators for NLSE. We demonstrate
the construction of an entire class of such schemes which notably can be used to symmetrise (in
explicit form) a large amount of existing low-regularity integrators. We provide rigorous
convergence analysis of our schemes and numerical examples demonstrating both the favourable
structure preservation properties obtained with our novel schemes, and the significant reduction in
computational cost over implicit methods.
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A Multi-Level Deep Framework for Deep Solvers of Partial Differential
Equations
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REHEE: In this work, inspired by the multigrid method, we propose a

multi-level deep framework for deep solvers. Overall, it divides the entire
training process into different levels of training. At each level of training, an
adaptive sampling method proposed in this paper is first employed to obtain
new training points, so that these points become increasingly concentrated in
computational regions corresponding to high-frequency components. Then,
the generalization ability of deep neural networks are utilized to update the PDEs for the next level
of training based on the results from all previous levels. Rigorous mathematical proofs and

detailed numerical experiments are employed to demonstrate the effectiveness of the proposed
method.
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Loss Landscape and Error Bound Analysis of Regularized
Deep Matrix Factorization
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REBE: Deep matrix factorization (DMF) is a fundamental model

underlying many applications, including deep linear neural networks.




Despite its simplicity, the regularized DMF problem exhibits a highly nonconvex optimization
landscape that is not yet fully understood. In this talk, we analyze the loss landscape and local
geometry of regularized deep matrix factorization. We characterize all critical points and identify
conditions when a critical point is a local minimizer, a global minimizer, a strict saddle point, or a
non-strict saddle point. We further establish an error bound around the critical point set, which
leads to linear convergence guarantees for gradient-based methods. Our results provide theoretical
insights into why first-order methods perform well for regularized DMF and offer a unified
perspective on the optimization behavior of deep linear networks as an important application.
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Localized Dynamic Mode Decomposition with Temporally Adaptive
Segmentation
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REIHE: Dynamic Mode Decomposition (DMD) is a widely adopted

data-driven method for forecasting dynamical systems, yet its standard

formulation often suffers from degraded long-term accuracy. To overcome

\ this, we propose a localized DMD framework that combines DMD’ s linear

predictive strength with time-domain decomposition. The method partitions

the temporal domain, constructs localized snapshot matrices, and performs

segment-wise predictions. We first introduce a fixed-partition scheme,

followed by an adaptive partitioning strategy that enhances both accuracy and robustness. An error

analysis establishes upper bounds for local and global truncation errors. The approach is validated

on four benchmark problems—Burgers’  equation, Allen-Cahn equation, nonlinear Schrédinger

equation, and Maxwell’ s equations— where numerical results demonstrate substantial gains in
predictive accuracy and computational efficiency.
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Efficient temporal splitting scheme for high contrast multiscale problems
FTfE (HEREAF)

HEWE: In this talk, we introduce a parallel algorithm based on the

temporal splitting scheme for multiscale flow problem. The idea is first to
evolve the partially explicit system using a coarse time step size, then
correct the solution on each coarse time interval with some fine
propagators. This procedure is then performed iteratively till convergence.
We analyze the stability and convergence of the proposed algorithm. The

numerical experiments demonstrate that the proposed algorithm achieves high numerical accuracy
for high-contrast problems and converges in a relatively small number of iterations. The number
of iterations stays stable as the number of coarse intervals increases, thus significantly improving
computational efficiency through parallel processing.
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