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Machine learning for tabular data
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tabular tasks?
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Machine learning for tabular data is pre-trained
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foundation models for  
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(Tabular) Prior-fitted 
networks
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source: Hollman et al. “TabPFN: A Transformer That Solves Small 
Tabular Classification Problems in a Second” in ICLR’22

trained to “solve” 
tabular tasks via 

in-context learning

generate synthetic data and 
split into train and test set

compute loss and 
update weights

Transformers Can Do Bayesian Inference
Müller, Hollmann, Pineda, Josif and Hutter. ICLR. (2022)

TabPFN: A Transformer That Solves Small Tabular 
Classification Problems in a Second
Hollmann, Müller, KE and Hutter. ICLR. (2023)
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How  can we
 

automatically,
 systematically, 

reproducibly
 

adapt ML given a (tabular) 
task?



AutoML for 
tabular data

How can we 
systematically 

assess models?

How can we build 
more flexible 

models?

How can we do  
model selection and 

hyperparameter 
optimization?

What have models 
learned?



TL;DR. Prior work has shown that test data leakage for LLM evaluation has an 
impact, but it is probably not as bad as expected (since the models are very large 
and forget examples they’ve seen only once during training). Tabular foundation 
models are much smaller, so results might be different. 

Goal. Set up an evaluation pipeline with tabular foundation models. Evaluate the 
data contamination of prominent benchmarks and in controlled experiments.

Research questions:
● Is data leakage an issue when evaluating tabular models?
● Does this change if we continue pre-training on a few tasks? Does the model 

get worse on others?
● Are our results similar to those found for LLMs?

Data leakage for benchmarking tabular foundation models
MSc (BSc)

Elephants Never Forget.



TL;DR. TabPFN returns a bar distribution mixing aleatoric and epistemic 
uncertainty. 

Goal. Implement and evaluate uncertainty quantification methods for TabPFN 
models.

Research questions:
● How do they compare against each other?
● How do they compare against models?
● Can we use this to measure prior mismatch?

Uncertainty Quantification for TabPFN
MSc (BSc)

Aleatoric Uncertainty.



TL;DR. The performance of TabPFN depends on the “prior” and on whether a task 
at hand is likely under that prior. 

Goal. In controlled scenarios, evaluate the generalization behaviour of PFNs 
outside their prior.

Research questions:
● Does generalization depend on model size?
● Can the model interpolate and extrapolate priors?
● Does it generalize across input distributions?
● When trained on two complementary priors (e.g., RF vs. GP), do we get the 

best out of two worlds or a mix?

Impact of Pre-training Data on Generalization Performance
MSc

Inter- and Extrapolation.



TL;DR. It seems like Tabular foundation models can behave like exemplar or 
rule-based models; it is unclear whether this behaviour depends on pre-training 
data or context. Knowing this helps us to better understand how TabPFN works.

Goal. Define evaluation scenarios to study when a PFN behaves like what.

Research questions:
● Do all PFNs behave rule-based for small tasks and exemplar-based for large 

tasks?
● When trained on data generated from rule-based models, does it “strictly” 

behave rule-based?

Out-of-distribution Generalization
MSc

What is this?

fairy water

?



Type I: “Reproduce-and-extend”

● Reproduce and extend amortized multi-objective Bayesian Optimization [link]
● Study Layer contribution for LLM-based models [link]
● Adversarial (continued) pre-training for PFNs [link]
● Sensitivity of fine-tuning hyperparameters for TabPFN? [link]

Type II: “Explorative-and-open-ended”

● Model-merging for PFNs
● Comparison of feature importance over input variations
● Analysis of (catastrophic) forgetting

More Topics
MSc BSc

https://arxiv.org/html/2512.11114v1
https://arxiv.org/abs/2511.15432
https://arxiv.org/html/2502.04573v2
https://arxiv.org/html/2506.08982v1


Preliminaries and Sidenotes
MSc BSc

✅ requirements ✅
● one or more ML lectures (= basics of ML 

and DL; WRUMS, PRIML, and DL)
● solid Python knowledge (= to implement 

and empirically evaluate algorithms; 
PyTorch)

⏱ timeline ⏱
1. kickoff meeting (beginning of semester)
2. thesis proposal
3. registration

… regular meetings …

4. intermediate presentation
… regular meetings …

5. feedback on thesis draft
6. final presentation

⏭ What’s next ⏭
      → Send me an email
  + your preference
  + 1-2 sentences about yourself 
  + transcripts/course list


