|

) <

The University of Osaka
Institutional Knowledge Archive

Title Dependencies in Learning Graphical Models

Author(s) |Islam, Md Ashraful

Citation |KFRKZ, 2025 1HIHwX

Version Type|VoR

URL https://doi.org/10.18910/101713

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (Md. Ashraful Islam)

Dependencies in Learning Graphical Models

Titl
e (V57 4 BAEF BT 5 IR ORI D 2238

Abstract of Thesis

This thesis introduces two novel methodologies that significantly advance mutual information estimation for mixed-type
variables and the identification of non-linear causal relationships. These contributions address critical challenges in data analysis

and causal inference in complex settings, offering powerful tools for researchers across various scientific disciplines.

The first part focuses on estimating mutual information in datasets containing both discrete and continuous variables. Extending
the Chow-Liu algorithm, our method constructs a forest that captures probabilistic dependencies among mixed-type variables.
Using copula-based joint density estimation and the Watanabe Bayesian Information Criterion (WBIC) for computing free
energies, our approach enables more accurate mutual information estimation, surpassing conventional likelihood-based methods.
This method has been effectively applied to link genomic expression with Single Nucleotide Polymorphism (SNP) data in

genome expression studies.

The second part introduces a method for learning non-linear causal structures by integrating Generalized Additive Models
(GAMs) with the Hilbert-Schmidt Independence Criterion (HSIC). This approach addresses the challenges of estimating additive
noise models without prior knowledge of the underlying non-linear relationships. Leveraging the adaptability of GAMs, our
method models diverse non-linear dependencies without imposing strict parametric assumptions. We also provide a theoretical
analysis demonstrating consistency in causal order identification, and our experimental results highlight the superior performance

of the proposed approach in identifying causal relationships compared to existing methods.
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