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To whoever it may concern,

This document contains my review of the doctoral thesis of Mikolaj Slupinski, entitled “Advancing
Bayesian Models with Latent States and Markovian Dynamics”.

Summary: The thesis addresses the problem of segmentation of spatiotemporal data, with specific
focus on Bayesian techniques. This choice is justified by the need for interpretability data effi-
ciency and uncertainty quantification, which neural models do not natively provide. The thesis
propose several extensions of the standard Hidden Markov Models (HMMs) and Switching Linear
‘Dynamical Systems (SLDS), in particular to account for state occupancy duration and recurrent
dynamics. The proposed methods are evaluated on several benchmark datasets, both synthetic
and real, and the empirical results demonstrate the validity of the approaches.

Review: The thesis is well-written and very engaging to read. The central problem is introduced
* through practical application, clearly demonstrating the importance of the topic particularly in
industrial contexts. From there, the key research questions emerge naturally from practical real-
world needs, emphasizing both the relevance and necessity of the proposed work. In particular, it
was important to position the choice of the BayeS|an approach in the modern ML ecosystem, mostly
dominated by neural approaches.

The scientific content is organized in one background chapter (introducing the fundamentals,
necessary for the thesis contributions), and four main chapters, each corresponding to a publica-
tion and advancing the scientific discussion. This structure is coherent and demonstrates the ability
of the candidate to lead a research project fully and to build a consistent and well-structured line
of thought.

The high scientific quality of the individual contributions is clearly evident throughout the thesis .
itself, both in the rigor of the presentation, of the methodology and in the provided empirical
analysis. This quality is further confirmed by the acceptance of the work at prestigious venues such
as AISTATS and ECAL.

| have one concern regarding the thesis itself: the very succinct explanations relative to the prac-
tical aspects of the developed methods, in particular with regards to inference. In my opinion, this
is the result of the chosen format of a compilation of papers. However, when implementation de-
tails can be skipped in a research paper due to space limitation, | estimate that they would have
been important in the thesis. In the current state, the provided explanations are too limited to be
able to entirely reproduce the methods, for instance. In Chapter 4 for instance, the general
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approach described in Section 4.3 mentions choosing MCMC over Variational Inference for the
inference of the model. However, in Section 4.5, a modified message-passing algorithm is pre-
sented. | am not sure how MCMC and forward-backward are combined, or even if MCMC is actually
used in practice. This concern is also justified by the fact that no mention of MCMC is done in the
experimental section (Section 4.6). If MCMC is actually employed, | would expect further details
on it: Section 3.3 introduces Gibbs Sampling, which is indeed a special case of MCMC, but | did not
see any reference to if in Chapter 4, that would confirm that this is indeed the method used for
experiments. Additionally, the results (e.g. in Figures 4.3 and 4.6) seem to indicate that a point
estimate approach is employed, since they do not include any uncertainty. It is unclear to me
whether a Maximum Likelihood or a Maximum A Posteriori approch is adopted here. In the second

" case, a discussion on the choice of the prior, or a study on the influence of the prior, would have
been expected. Similar issues can be found in Chapters 5, 6 and 7. While not constituting a critical
issue, the lack of detailed explanations regarding the inference techniques somewhat limits the
clarity and direct reproducibility of the work. In particular, the more algorithmic aspects of the
problem, beyond the probabilistic modeling itself, could have been discussed in greater depth.
Addressing these points would likely strengthen the overall impact of the thesis, although their
absence does not detract from the quality of the scientific contributions.

Another concern | have relates to the justification of the Bayesian approach, in particular regard-
ing the claim of |mproved interpretability. | would formulate this concern along two complemen-
tary lines.

_ First, from a conceptual perspective, | tend to disagree with the statement that Bayesian ap-
proaches are inherently more interpretable. Models such as Latent Dirichlet Allocation, for in-
stance, are well-known for producing latent topics that do not always align well with meaningful
semantic interpretations. While the model itself is indeed more interpretable, insofar as it explic-
itly aims to describe the data generating process, the inferred parameters (and, in the context of
this thesis, the segmentations) are not necessarily straightforward to interpret. In particular, there
is no guarantee that the inferred states will correspond to actual underlying states of the data
generation process.

Secondly, although | largely agree with the advantages of Bayesian and HMM-based approaches
may offer over neural methods for segmentation tasks, | believe these claims would have benefited
from empirical evidence. Since the thesis already introduces standard benchmark datasets, it
would have been probably straightforward to test state-of-the-art neural segmentation algo-
rithms. Such experiments could have provided concrete evidence for the claimed benefits of
Bayesian methods, while also probably addressing the aforementioned concern regarding inter-
pretability.

Conclusion: Despite these negative points, the thesis is overall excellent and scientifically inspir-
ing. The candidate demonstrates a strong knowledge of the Bayesian approaches to temporal data,
together with a strong ability to identify relevant research questions and address them through
rigorous scientific methodology. The candidate shows a high level of scientific maturity in the
design of complex probabilistic models, and the overall coherence of the research program pre-
sented throughout the manuscript. The quality and originality of the work are futher evidenced by
the publication record associated with the thesis. Overall, this thesis constitutes a significant and
valuable contribution to the field, and | believe it fully meets the standards expected for the award
of a doctoral degree. '
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