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Feature extraction classification

Feature extraction and feature learning
“The success of 

machine learning 

algorithms generally 

depends on data 

representation…” 
Y. Bengio, 
etc,“Representation 
Learning: A Review and 
New 
Perspectives

“The deep learning research 

aims at discovering learning 

algorithms that discover 

multiple levels of distributed 

representations…” 
Y. Bengio, “Deep Learning of 
Representations: Looking 
Forward



Molecular descriptors in QSAR 

models
More than 5000 Molecular 

descriptors in Quantitative 

Structure Activity relationship

(QSAR)  models. 

Grisoni F, Ballabio D, Todeschini R, et al. 

Molecular descriptors for structure–activity 

applications: a hands-on approach[M]// 

Computational Toxicology. Humana Press, New 

York, NY, 2018: 3-53.







Persistent Homology Analysis of Carbon-60
(Xia, Feng, Tong & Wei, JCC, 2015)



(Pun, Lee and Xia, AIR, 2021)

TDA based machine learning models 



Recent progress in TDA 
based drug design Guowei Wei 

MSU Foundation professor

(Cang & Wei, PLOS CB, 2018)

DUD database  128374 protein-ligand/decoy pairs

Prediction correlations for 2648 mutations on globular proteins 
(Cang & Wei, PLOS CS, 2017)

(Wu & Wei, JCC, 2018)

Prediction RMSD of logP(star set )

(Cang & Wei, PLOS CB, 2017)

Binding affinity prediction of PDBbind v2013    



Wei Team’s performance 
at D3R Grand Challenge

D3R Grand Challenge 3 (2017-2018) D3R Grand Challenge 4 (2018-2019)

Recent progress in TDA 
based drug design

Drug Design Data Resource (D3R) 

Grand Challenges

Grand Challenge 2：win 14%

Grand Challenge 3:   win 38% while 

the second winner had a rate of 19%

Grand Challenge 4:   win  50%



Mutations at 501 and 452 in 

prevailing SARS-Cov-2 variants

Alpha:  N501Y

Beta:  K417N, E484K, N501Y

Gamma: K417T, E484K, N501Y

Delta:  L452R, T478K

Epsilon:  L452R

Kappa: L452R, E484Q

Omicron:  N501,…

Wei’s Team predicts key mutation 
sites in prevailing variants

Received 4 June 2020;
Received in revised form 9 July 2020;

Accepted 17 July 2020;

They discovered the 
mechanism of viral 
transmission and 
evolution: 
more infectious

TDA-based learning models in SARS-Cov-2





Persistent Spectral (PerSpect)

Spectral graph
Spectral simplicial complex
Spectral hypergraph

Graph          simplicial complex          Hypergraph

Meng, Xia. Science Advance, 2021

F. Chung, and S.T. Yau."A Harnack inequality for homogeneous graphs and 
subgraphs."Comm.Anal. Geom 2.4 (1994):627-640. 
F. Chung,"Spectral graph theory".American Mathematical Societ, 1997
D. Spielman,"Spectral graph theory", Combinatorial scientific computing. 
No.18.Boca Raton, FL: CRC Press,2012.
D.Horak,and J.Jost,"Spectra of combinatorial Laplace operators on 
simplicial complexes".Advances in Mathematics,244,303-336, 2013
O. Parzanchevski, and R. Ron"Simplicial complexes: spectrum, homology 
and random walks."Random Structures &Algorithms 50.2 (2017): 225-261.
M. T.Schaub, et al."Random walks on simplicial complexes and the 
normalized Hodge 1-Laplacian." SIAM Review 62.2 (2020):353-391.
K. Q. Feng, "Spectra of hypergraphs and applications."Journal of number 
theory 60.1(1996):1-22.
J.Cooper, and D.Aaron."Spectra of uniform hypergraphs."Linear Algebra 
and its applications 436.9 (2012):3268-3292. 
L.Q.Qi, and Z.Y.Luo."Tensor analysis: spectral theory and special 
tensors".Society for Industrial and Applied Mathematics, 2017
Wang R, Nguyen D D, Wei G W. Persistent spectral graph[J]. International 
journal for numerical methods in biomedical engineering, 2020, 36(9): 
e3376.
……

Nested sequence of graphs
Nested sequence of simplicial 
complex
Nested sequence of hypergraphs

Spectral models

Filtration

Spectral models + filtration
Persistent spectral graph
Persistent spectral simplicial complex
Persistent spectral hypergraph







Meng, Xia. Science Advance, 2021



Hypergraph based 

data representation

Graph    Simplicial complex             Hypergraph                 Super-hypergraph 

Grbic J, Wu J, Xia K, Wei GW. Aspects of topological approaches for data science[J]. 

Foundations of Data Science, 2022.

Bressan, Li, Ren, Wu. The embedded homology of hypergraphs and applications , 2016

Ren, Shiquan, et al. "Computing the Homology of Hypergraphs." arXiv preprint 

arXiv:1705.00151 (2017). 

Ren, Shiquan, Chengyuan Wu, and Jie Wu. "Operators on random hypergraphs and 

random simplicial complexes." arXiv preprint arXiv:1712.02045 (2017). 

Ren, Shiquan, and Jie Wu. "Stability of persistent homology for hypergraphs." arXiv

preprint arXiv:2002.02237 (2020). 

Ren, Shiquan, et al. "A Discrete Morse Theory for Hypergraphs." arXiv preprint 

arXiv:1804.07132 (2018).

Jie Wu, 
BIMSA



Embedded homology of hypergraph

Hypergraph H Associated 
simplicial complex 

𝑲𝑯

Bressan, Li, Ren, Wu. AJM, 2019





Liu, Wang, Wu, Xia, 
BIB, 2021



Gradientboostingtree



Dowker Complex based molecular representation 
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Relation:
{ (1,b), (2,a), (3,c) }

Bipartite graph         Dowker complexLiu, Feng, Wu, Xia, PLOS CB, 2022

Dowker complex for interactions of two chains of a DNA 

X Y



Dowker complex based persistent Laplacian 



Neighborhood complex based molecular representation

The neighborhood 
complexes of graphs were 
introduced by Lov´asz in 
his proof of the Kneser
conjecture. He showed that 
a certain topological 
property of N(G) gives a 
lower bound for the 
chromatic number of G

László Lovász

Protein                   Graph               Neighborhood complex
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Liu, Xia. TDA4MedicalData 2021



Hom complex Hom(G1,G2)

𝑯𝒐𝒎 𝑲𝟐, 𝑲𝟑 :

0 𝑐𝑒𝑙𝑙:
𝑎, 𝑏 , 𝑎, 𝑐 , 𝑏, 𝑐
𝑏, 𝑎 , 𝑐, 𝑎 , 𝑐, 𝑏

1 𝑐𝑒𝑙𝑙:
𝑎, 𝑏𝑐 , 𝑏, 𝑎𝑐 , 𝑐, 𝑎𝑏
𝑏𝑐, 𝑎 , 𝑎𝑐, 𝑏 , (𝑎𝑏, 𝑐)

Liu, Feng, Wu, Xia, JCIM, 2022

Hom-complex representation of Benzene ring from different graphs



𝐺𝑟𝑎𝑝ℎ 𝐺 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐻𝑜𝑚(𝐾3, 𝐺) 𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑒𝑟𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑒 𝑏𝑎𝑟𝑐𝑜𝑑𝑒



Method PCC

Hom-ML(2) 0.857

TopNetTree 0.850

Hom-ML(1) 0.792

BindProfX 0.738

Profile-
score+FoldX

0.738

Profile-score 0.675

SAAMBE 0.624

FoldX 0.457

BeAtMuSic 0.272

Dcomplex 0.056

Method PCC

TopNetTree 0.65(0.68)

Hom-ML(2) 0.58(0.70)

Hom-ML(1) 0.58(0.68)

mCSM-AB 0.53(0.56)

Discovery 
Studio

0.45

mCSM-PPI 0.35

FoldX 0.34

STATIUM 0.32

DFIRE 0.31

bAsA 0.22

dDFIRE 0.19

Rosetta 0.16



Thank You!


