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Contextualization ● Data labels can be scarce or 
expensive to curate

● Big Data require expensive 
infrastructure

● Limited number of samples (eg 
Bioinformatics)

● Deep-based methods require large 
train data

● Small data analysis
○ explanability
○ rationability
○ sustainability

resources consumption 

“Tradeoffs between quality and quantity require strategic 
decision-making, where small data often leads to faster, more 
accurate, and more cost-effective insights.”

Rather, I. H., Kumar, S., & Gandomi, A. H. (2024). Breaking the data 
barrier: a review of deep learning techniques for democratizing AI with 
small datasets. Artificial Intelligence Review.



Contextualization ● Modern datasets exhibit considerable 
complexity, characterized by high 
dimensionality of data (Vidal, 2011)

○ Bioinformatics (eg genomics)
○ Computer vision (eg pixel-feature)
○ NLP (eg TF-IDF)

● Data patterns (eg clusters) may only be 
presented by subspaces

Hughes Phenomenon (+feat +obj)

ref: 
https://www.shiksha.com/online-courses/artic
les/curse-of-dimensionality/ Approaches

● Unsupervised feature selection (UFS)
● Deep subspace clustering (SC)

https://www.shiksha.com/online-courses/articles/curse-of-dimensionality/
https://www.shiksha.com/online-courses/articles/curse-of-dimensionality/




Unsupervised feature selection method based on 
iterative similarity graph factorization and 
clustering by modularity, Expert Systems with 
Applications, 2022















Future/Ongoing Works (GNN)



Proposed Works (methods)

Topological Data Analysis: Mapper principle

Citeseer (6 classes)
without contrastive term yet

Work in progress
https://github.com/marcosd3souza/TDGC

GCN with y tmap
Epoch: 001, Loss: 1.9440
Epoch: 099, Loss: 0.0780
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Liao, T., Wei, Y., Luo, M. et al. 
(2019). tmap: an integrative 
framework based on topological 
data analysis for population-scale 
microbiome stratification and 
association studies. Genome 
Biology.

Topological Deep Graph Clustering

y tmap

tmap

https://github.com/marcosd3souza/TDGC


Proposed Works (methods)
Deep Graph Clustering - SMILES

● ReLeaSE dataset
○ 10K molecules
○ target: 

■ logP: measure of how a molecule interacts 
with different solvents

■ pIC50: Biological target or enzyme
○ SMILES notation to graph

Behrouzi, T., & Hatzinakos, D. (2022). Graph variational auto-encoder for 
deriving EEG-based graph embedding. Pattern Recognition.

Li, A., Casiraghi, E., & Rousu, J. 
(2024). Chemical reaction 
enhanced graph learning for 
molecule representation. 
Bioinformatics.
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Work in progress
improvements: include supervision
colab code here

Integration of the natural data patterns, or 
clusters, alongside human expertise (supervision) 
can enhance data understanding and efficient AI 
modelling

https://drive.google.com/file/d/1wbK6VLJxxT-ABEFATPsNuANR0fFTN_eP/view?usp=sharing
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