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Polynomial System Solving and its Applications in Puzzles for

Littlewood-Richardson Coefficients

BRI LM RKE)

In this talk I will first present the fundamental problem of solving polynomial
systems and the underlying symbolic methods. Then I will focus on its applications in
puzzles, a versatile combinatorial tool first introduced by Knutson, Tao, and
Woodward to interpret the Littlewood-Richardson coefficients for Grassmannians. In
particular, I will introduce the new concept of puzzle ideals whose varieties one-one
correspond to the tilings of puzzles and present an algebraic framework to construct
the puzzle ideals which works with existing puzzles for Grassmannians. Besides the
underlying algebraic importance of the introduction of these puzzle ideals is the
computational feasibility to find all the tilings of the puzzles for Grassmannians by
studying the defining polynomial ideals and their elimination ideals, demonstrated
with illustrative puzzles via computation of Grobner bases. This talk is based on the

joint work with Weifeng Shang.
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Polynomial Neural Barrier Certificate Synthesis of Hybrid Systems

via Counterexample Guidance
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In this talk, we present a novel approach to safety verification by synthesizing
barrier certificates (BCs) for hybrid systems, which integrates counterexample-guided
learning with efficient SOS-based verification. We develop an inductive loop for
generating easily verifiable barrier certificates by training polynomial neural networks
guided by a high-quality counter-example set. By leveraging the polynomial
candidates obtained from the learning phase, the identification of valid barrier
certificate can be converted into Linear Matrix Inequality (LMI) feasibility testing
problems, instead of directly solving the non-convex Bilinear Matrix Inequality (BMI)
problems inherent in barrier certificate generation. Furthermore, we decompose the
large SOS programming into several manageable sub-programming ones. Benefiting
from the efficiency and scalability advantages, our proposed approach can synthesize

barrier certificates not amenable to existing methods.
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Intelligent Methods for Neuro-big-data Computing
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Recent advances in data acquisition technology have made high resolution, large
scale neuroscience data more accessible than ever before. Such data, e.g. single-cell
level microscopic images, offers unprecedented insights into the complex structures
of the brain anatomy. However, in order to effectively profile these structures and
facilitate downstream studies such as analysis, brain modeling and simulation, proper
computation and visualization methods are essential. In response to these challenges,
our team has been working on developing tools and techniques for the visualization
and mass generation of neuroscience data. In this work, we will describe our recent
efforts towards achieving these goals and the potential impact on the field of

neuroscience.
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Deep learning based iteration scheme approximation for solving

PDEs

ZH (LERFE

Solving the high dimensional partial differential equations (PDEs) with the
classical numerical methods is a challenge task. As possessing the power of
progressing high dimensional data, deep learning is naturally considered to solve
PDEs. This talk will introduce a deep learning framework based iteration scheme
approximation, the iteration scheme is approximated by a neural network. And, we

present numerical experiments results for some benchmark PDEs.
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On Reward Transferability in Adversarial Inverse Reinforcement
Learning: Insights from Random Matrix Theory and Unobservable

State Transitions

KEE (LR

In scenarios of inverse reinforcement learning (IRL) with a single expert,
adversarial inverse reinforcement learning (AIRL) serves as a foundational approach
to providing comprehensive and transferable task descriptions by restricting the
reward class, e.g., to state-only rewards. However, AIRL faces practical challenges,
primarily stemming from the difficulty of verifying the unobservable transition matrix
— often encountered in practice — under the specific conditions necessary for
effective transfer. This paper reexamines AIRL in light of the unobservable transition
matrix or limited informative priors. By applying random matrix theory (RMT), we
demonstrate that AIRL can disentangle rewards for effective transfer with high
probability, irrespective of specific conditions. This perspective reframes inadequate
transfer in certain contexts. Specifically, it is attributed to the selection problem of the
reinforcement learning algorithm employed by AIRL, which is characterized by
training variance. Based on this insight, we propose a hybrid framework that
integrates on-policy proximal policy optimization (PPO) in the source environment
with off-policy soft actor-critic (SAC) in the target environment, leading to significant

improvements in reward transfer effectiveness.

WG AN kPG, Bl RN, B 0eE EE S E4EST, smik
22>], HAl#E BERNOULLI; AAAI; JOURNAL OF MULTIVARIATE ANALYSIS;
NEURAL NETWORKS 41t N L& ge T AR+ R L



