复旦大学随机过程与数学物理Workshop(2025)
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报告内容摘要（按报告人姓氏字母顺序）
分数布朗运动、分数OU过程、分数高斯过程的三个新结果
陈勇（保山学院）
摘要：本报告介绍近期我们在高斯过程研究中得到的以下三个相关的新结果：
（1）分数布朗运动当Hurst参数小于1/2时，新的内积表示公式及其应用；
（2）分数OU过程的矩估计所涉及的Berry-Esseen上界的类似于CLT的Delta方法；
（3）各种类型的分数高斯过程新的统一处理框架。

Stochastic Kinetics and Statistical Inference in Molecular-Scale Biophysics and Biomedicine
葛颢（北京大学）
摘要：Stochastic kinetics and statistical inference underlie diverse processes in molecular-scale biophysics and biomedicine. We present two research directions from our group. First, in bacterial flagellar motors, we found out that the torque–speed asymmetry between counter-clockwise and clockwise rotation originates from rotation-dependent elasticity of the hook rather than the motor’s torque-generating units. A minimal mathematical model varying only hook stiffness quantitatively reproduces experimental torque–speed curves, revealing how mechanical properties regulate torque transmission at the nanoscale. Second, in non-invasive embryo genetic testing, we developed a method leveraging trace cell-free DNA in spent embryo culture medium. By combining high-fidelity whole-genome amplification with a Bayesian haplotype-inference algorithm, our approach achieves clinical-grade diagnostic accuracy for monogenic disorders and enables exploratory polygenic risk assessment, without modifying standard IVF workflows. Together, these studies illustrate how stochastic modeling and statistical inference can connect fundamental mechanisms to translational biomedical applications.

Some recent progress in ergodic theory of Markov-Feller semigroups
刘勇（北京大学）
摘要：In this talk, from the perspective of the regularity of Markov semigroups, we summarize some recent progress in the theory of unique ergodicity of Markov-Feller semigroups on Polish spaces with strong Feller property, asymptotic strong Feller property, (Cesàro) equicontinuity or (Cesàro) eventual continuity. This talk is based on some joint works with Fuzhou GONG (Academy of Mathematics and Systems Science, CAS), Yuan LIU (Academy of Mathematics and Systems Science, CAS) and Ziyu LIU (University of Science and Technology Beijing).

Level 2.5 Large Deviation for Time-periodic Diffusion Processes On Compact Manifolds
孙伟舰（北京大学）
摘要：We consider the diffusion processes with time-periodic coefficients on compact Riemann manifolds. We prove the joint large deviation principle for the empirical measure and empirical current defined by stochastic line integrals, and the rate function is shown explicitly. Using the contraction principle, we obtain the large deviation principle of rotation numbers and three types of entropy flow, and several Gallavotti-Cohen-type duality relations are established.

一致无穷-Catalan树在洗牌作用下的不变性
向开南（湘潭大学）
[bookmark: _Hlk211187725][bookmark: _Hlk211187826]摘要：E. Bisi, P. Dyszewski, N. Gantert, S. G. G. Johnston, J. Prochno and D. Schmid [ (2023). Random planar trees and the Jacobian conjecture. arXiv:2301.08221v3 [math.CO], Preprint.]提出了如下进攻雅可比猜想（The Jacobian Conjecture）的组合途径和概率途径：（1）若存在自然数使得对所有的自然数，在足够大的-Catalan树构成的集合上，常数函数1属于由所有-洗牌类的示性函数生成的线性空间；则雅可比猜想成立。（2）若存在自然数使得对所有的自然数，在足够大的-Catalan树上存在一个以一致（均匀）分布为不变分布的-洗牌Markov链；则雅可比猜想成立。若此概率途径可行，则一致无穷-Catalan树在某非平凡-洗牌作用下应具有不变性；我们确认一致无穷-Catalan树具有这个有其自身独立价值的性质，从而在一定意义上支持了所论概率途径（但并不表明其真的可行）。此外，我们提出且讨论几个相关的组合问题、概率问题。雅可比猜想由德国数学家Ott-Heinrich Keller于1939年提出：上任意的其雅可比行列式是非零常数的多项式映射是可逆的且其逆仍是多项式映射。作为数学（特别地，代数几何）中十分杰出的公开问题，雅可比猜想被Steve Smale在1998年列为给21世纪的18个数学问题之一；它等价于（关于Weyl代数的）Dixmier猜想、（关于Poisson代数的）Poisson猜想、（关于交换环和交换代数的）单模猜想。

一类随机图的出度统计量的集中不等式和极限理论
周烨驰（复旦大学）
摘要：本报告考察古典占位问题诱导的随机有向图的顶点出度分布。针对图中特定出度的顶点比例这一统计量，用McDiarmid 不等式来研究其集中性，通过分析单点出度的极限分布（从稀疏情形下的泊松分布到相对稠密情形下的正态分布），我们可以确定其期望的渐近形式。最后我们将补充其他相对简单的情况，展望一些未解决的情况的规律。

