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Automating Insights and Innovation
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Agenda

Machine Learning in Materials Science

What is AutoML? 

Prospects for AutoML in Materials Science

How can Materials Science help AutoML?
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Machine Learning in Materials Science

3



AutoML Meets Materials Science | Jonas Seng | AIML Lab TU Darmstadt | May 08th 2025

Machine Learning already helps Materials Science!
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Machine Learning already helps Materials Science!
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Some Statistics…

Jain A. Machine learning in materials research: developments over the last decade and 
challenges for the future. ChemRxiv. 2024
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Machine Learning as a tool

“[...] our new deep learning tool that dramatically increases the speed and 
efficiency of discovery by predicting the stability of new materials.” – Google 
DeepMind Blog on GNoME

Thus, materials science researchers should be able to use ML as an every 
day tool! We shouldn’t expect them to get ML experts!

That’s where AutoML can help!
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What is AutoML?
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Goals of AutoML

ML Lifecycle image from: https://amansingh-javatpoint.medium.com/machine-learning-life-cycle-7b0e5f940097

provide task automate
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What can AutoML do already?

ML Lifecycle image from: https://amansingh-javatpoint.medium.com/machine-learning-life-cycle-7b0e5f940097

CAFFE

HuggingGPT
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Example: Hyperparameter Optimization (Optuna)

n_trees, tree_depth, min_leaves, …

stability score
learn predict
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Example: Hyperparameter Optimization (Optuna)

define HPs (n_trees, …) define budget define criteria

stability score
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Example: Hyperparameter Optimization (Optuna)

This only costs you a few lines of code!
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Example: Hyperparameter Optimization (OptFormer)

Idea: Learn to mimic HPO algorithms.

Approach: Treat it as a language modeling task where the next token to 
    predict is the next configuration to test!

OptFormer

eval
14
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Example: TabPFN

Idea: Learn to directly mimic entire ML algorithms/pipelines for tabular data.

Approach: Treat regression/classification as a language modeling task where 
    the next token to predict is the next column of the dataset!

Xtrain

Xtest

ytrain

?

TabPFN ytest
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Challenges for AutoML: Acquiring Users
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Challenges for AutoML: Acquiring Users
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Challenges for AutoML: Giving Control to Users
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Challenges for AutoML: Large Models

AutoML to train large models

large models to facilitate AutoML 
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What’s next in AutoML? 

AutoML

ML Model

AutoML/Meta-
Learning

ML Model

adaptobserve

interact
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Example: Pix2Code

Wüst et al. Pix2Code: Learning to Compose Neural Visual Concepts as Programs. UAI 2024. 21
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Prospects for AutoML in Materials Science
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HuggingGPT for Materials Science?

Shen et al. HuggingGPT: Solving AI Tasks with ChatGPT and its Friends in Hugging Face. NeurIPS 2023.
23
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HuggingGPT for Materials Science?

Shen et al. HuggingGPT: Solving AI Tasks with ChatGPT and its Friends in Hugging Face. NeurIPS 2023.

Analyze the data from my experiments and 
make the material more robust against high 
temperatures.

I analyzed your data using the TabPFN model to 
predict the stability of the material based on the 
features in your dataset. Then, this model was 
used to guide the discovery of similar materials 
where the discovery was done using GNoME. 
Here is the most heat resistant material with highly 
similar properties as the one you requested:

[DESCRIPTION].

TabPFN

GNoME
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Interactive Bayesian Optimization for HPO

IHPO/PiBO/Prio
rband
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Neural Architecture Search (NAS) for Material Discovery

search space of architectures

final 
architecture
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Neural Architecture Search (NAS) for Material Discovery

GRASP   =
Search Space

Search Strategy

draw architecture

Evaluation
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Distributed NAS and HPO (FEATHERS)

c1 c2 c3

Server
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End-to-End AutoML Systems

Framework Based on Language

auto-sklearn BO, Meta-Learning Python

H20 Stacking Python/R

AutoKeras BO based NAS Python

AutoGluon Multi-Layer Stacking, BO Python

… … …
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LLMs + End-to-End AutoML Systems

AutoML System

I have the following 
task: … Configure 
AutoGluon for me.

Python Execution 
Environment

I have the following 
task: …

result

code
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Use what AutoML has to offer!

● there are robust libraries and frameworks for HPO → this can substantially 
decrease efforts for you and yield better results!

● similarly, NAS helps you in designing neural networks efficiently
● end2end systems like AutoWeka can act as a good baseline for your 

evaluation → make use of it!
● on tabular data, TabPFN can automate large parts of the ML lifecycle already 

with quite high accuracy
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How can Materials Science help AutoML?

32



AutoML Meets Materials Science | Jonas Seng | AIML Lab TU Darmstadt | May 08th 2025

Materials Science gives AutoML access to new tasks
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Structured Search Spaces

this should be reflected in search 
spaces of AutoML systems!

we can learn priors over such 
structured search spaces based on 
experimental data
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Structured Search Spaces

GPT

Architectures and 
results from former 
experiments

train generate

new task

prompt
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Materials Science can teach us about AutoML’s usability

LLM
AutoML 
System
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Getting Insights into AutoML decisions: SOTA

assess importance of hyperparameters on the final 
model performance

get a symbolic representation of hyperparameter 
influences on model performance
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Getting Insights into AutoML decisions: Next steps

causal explanations: why was a certain algorithm 
configuration chosen? What if we had decided 
differently?

symbolic causal explanation → provides not just the 
structure but also a symbolic representation of 
dependencies among decisions

+
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Materials Science can teach us about user needs

● assumptions made in human-centered AutoML are often based on intuition 
and common sense, but are not based on empirical findings
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Causal AutoML

Science is all about causation: Materials Science could 
help the AutoML community to strive for AutoML systems 
for causal learning, enabling automatic discovery of 
cause-effect relations in experimental data!
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The Automated Statistician

41



AutoML Meets Materials Science | Jonas Seng | AIML Lab TU Darmstadt | May 08th 2025

The Automated Statistician Researcher?

Hypothesis

Experiment

Observations

what might explain my 
observations?

how can I test my 
hypothesis? 

how to conduct 
the experiment?

don’t forget the 
human researcher 
in the loop! 
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Questions?
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