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Title: Persistent homology: an overview
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Title: Persistent path-spectral based machine learning for protein-ligand binding affinity prediction
Abstract: Molecular descriptors are essential to quantitative structure activity/property relationship
(QSAR/QSPR) models and machine learning models. In this talk we will introduce our recently
proposed persistent path-spectral (PPS), PPS-based molecular descriptors, and PPS-based machine
learning model for the prediction of the protein-ligand binding affinity. For the graph, simplicial
complex, and hypergraph representation of molecular structures and interactions, the path-
Laplacian can be constructed and the derived pathspectral naturally gives a quantitative
description of molecules. Further, by introducing the filtration process of the representation, the
persistent path-spectral can be derived, which gives a multiscale characterization of molecules.
Molecular descriptors from the persistent path-spectral attributes then are combined with the
machine learning model, in particular, the gradient boosting tree, to form our PPS-ML model. We
test our model on three most commonly used data sets, i.e., PDBbind-v2007, PDBbind-v2013, and
PDBbind-v2016, and our model can achieve competitive results.
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Title: Applications of GLMY theory in metabolomic networks of complex diseases

Abstract: Human diseases involve metabolic alterations. Metabolomic profiles have served asa
vital biomarker for the early identification of high-risk individuals and disease prevention. We
have leveraged a statistical physics model to combine all metabolites into bidirectional, signed,
and weighted interaction networks and trace how the flow of information from one metabolite to
the next causes changes in health state. We integrate concepts from ecosystem theory and
evolutionary game theory to model how the health state-dependent alteration of a metabolite is
shaped by its intrinsic properties and through extrinsic influences from its conspecifics. We code
intrinsic contributions as nodes and extrinsic contributions as edges into quantitative networks and
implement GLMY homology theory to analyze and interpret the topological change of health state
from symbiosis to dysbiosis. The application of this model to real data allows us to identify
several hub metabolites and their interaction webs, which play a part in the formation of
inflammatory bowel diseases.
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Path Topology and GLMY Theory-assisted Machine Learning Framework for Material Prediction
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Abstract:

High-entropy alloys are attracting ever-increasing attention in the field of catalysis by virtue of the
vast chemical space constituted by their diverse tunable active sites. To expedite exploration within
this chemical space, a proficient deep-learning model becomes essential. However, in the task of
designing crystalline materials through deep learning, three major obstacles arise: the absence of
inherent mathematical features contributing to the appealing properties, insufficient training data
for the model, and limited confidence in results due to interpretability issues.

In light of these challenges, this work proposes a persistent path homology-based semi-supervised
prediction and generation framework, empowered by our PathVAEs. This framework aims to predict
the adsorption energy and design potential for High-entropy alloy catalysts. It addresses these
obstacles by (1) introducing an effective topological approach to extract intrinsic features—ligand
and coordination features; (2) utilizing semi-supervised learning to enhance model training; and (3)
aligning machine learning operations with catalytic implications. The results are promising: the
prediction component attains high accuracy, and the generation aspect yields eight high-
performance catalyst designs. This work not only offers an excellent topology-based feature
extraction method but also introduces a new research paradigm for the design of crystalline

materials.
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Bingxu Wang is a current PhD student in Prof. Feng Pan's group at School of Advanced Materials,
Peking University, Shenzhen Graduate School. His research endeavors are centered around the
anticipation of properties, fine-tuning of structural attributes, and the design of novel structure of
crystalline and inorganic small molecule materials with a primary emphasis on energy materials,
battery materials, and catalytic materials. The research methodology involves harnessing
Topological Data Analysis (TDA), specifically leveraging GLMY theory, persistent homology, and
persistent GLMY homology. These techniques are employed to extract topological features from
crystal and small molecule structures. Subsequently, these features are combined with artificial
intelligence algorithms to predict performance, refine structural design, and develop specialized
software for the analysis and design of materials.
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