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The Transformative Impact of Modern Generative AI 
and the Role of AutoML in AI's Advancement
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Research: Intelligent, reliable and responsible systems 
● 4 European Research Training Groups (ITNs NoBIAS, 

KnowGraphs, ...) 
● 8 ERC grants in the last 10 years (AutoML, ScienceGraph, 

Cont4Med, ...) 
● 25+ L3S members, mainly from Hannover and Braunschweig
● 200+ postdocs and PhD students 

Innovation and research in interdisciplinary groups  
● Intelligent production  
● Intelligent mobility 
● Personalized medicine 
● Digital education 
● as well as biodiversity, media startups, quantum computing ... 

● 15 million € annual budget (of which 2 million € basic funding)  
● thus the largest AI research center in Lower Saxony  

AI @ L3S: Excellent research in Europe, 
innovation in Niedersachsen 
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AI as Innovation Factor
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AI wins Nobel Prices!
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Nobelpreis Chemie 2024

© Illustration: Niklas Elmehed © Nobel Prize 
Outreach 2024 (Ausschnitt)

Nobelpreis Physik 2024
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Quelle: ChatGPT o1 und Adobe Firefly 3
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Quelle: [NN/g. July 2023]

https://www.nngroup.com/articles/ai-tools-productivity-gains/
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Quelle: [McKinsey]

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-economic-potential-of-generative-ai-the-next-productivity-frontier#business-value
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Credits [Stanford AI Index]

https://aiindex.stanford.edu/report/#individual-chapters
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Credits: [Armand Ruiz| Conor Kelly]

https://humanloop.com/blog/foundation-models
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How to train LLMs?

10
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1. Self-supervised Pre-Training

Credits: [Nathan Lambert et al.]
[Sebastian Raschka] 

https://huggingface.co/blog/rlhf
https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives
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2. Supervised (Instruction) Finetuning
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Credits: [Sebastian Raschka] 

https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives
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3. Alignment Tuning: 
1. Reinforcement Learning from Human Feedback

13

Expensive and costly

Random Prompt

Reply from Human

Supervised 
Finetuning

Credits: [Sebastian Raschka] 

https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives
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3. Alignment Tuning: 
2. Reinforcement Learning from Human Feedback

14

Random Prompt

Replies by LLM

Sorted by Human 
according to quality

Learning of Reward model

Credits: [Sebastian Raschka] 

https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives
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3. Alignment Tuning: 
3. Reinforcement Learning from Human Feedback
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Random Output

Imitation of Human Replies 

Generated Reply

Automatic Assessment

Signal to improve LLM
Credits: [Sebastian Raschka] 

https://magazine.sebastianraschka.com/p/llm-training-rlhf-and-its-alternatives
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Further Improving LLMs …

16

In-Context 
Learning Fine-Tuning

Retrieval 
Augmented 

Generation (RAG)
Agentic Systems
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Logical Reasoning

Inspired by: [Marc-Oliver Gewalting. LinkedIn Mai 2024]

https://www.linkedin.com/posts/gewaltig_how-good-is-chatgpt-4o-at-reasoning-still-activity-7196425420878020609-4iYO?utm_source=share&utm_medium=member_desktop
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Inspired by: [Marc-Oliver 
Gewalting. LinkedIn Mai 2024]

https://www.linkedin.com/posts/gewaltig_how-good-is-chatgpt-4o-at-reasoning-still-activity-7196425420878020609-4iYO?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/gewaltig_how-good-is-chatgpt-4o-at-reasoning-still-activity-7196425420878020609-4iYO?utm_source=share&utm_medium=member_desktop
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Automating Machine Learning

19
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AutoML enables
🚀 More efficient research and 
development of ML applications

→ AutoML has been shown to outperform 
humans on subproblems

🧮 More systematic research and 
development of ML applications

→ no (human) bias or unsystematic evaluation

📋 More reproducible research 
→ since it is systematic!

🦾 Broader use of ML methods 
→ less required ML expert knowledge
→ not only limited to computer scientists

Why AutoML?

State of the art

Better than state of the art 
in less than 30sec!

Digital Twin Task 
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AutoML: Hyperparameter Optimization (HPO)

[PyTorch Docu]
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Architectures of Neural Networks

Many architectures exist and differ in

○ Depth
○ Resolution
○ Width

Already on a single dataset (e.g. ImageNet), it is 
not obvious which architecture to choose

○ Operators
○ Connections
○ ...

Source: [Culurciello et al. 2018]

○ On different datasets → different 
architectures

○ On similar datasets → scaled versions of 
known architectures (e.g. ImageNet and Cifar10)

https://culurciello.medium.com/analysis-of-deep-neural-networks-dcf398e71aae


Prof. Marius Lindauer: Generative AI and AutoML’s Role           –         Workshop on Insurance and Financial Mathematics 20.11.2024

● Determine the best architecture of a neural 
network for a given dataset

● Includes
○ Macro-structure
○ Cell structure
○ Operators
○ …

23

AutoML: Neural Architecture Search (NAS)

[White et al. 2023]

https://arxiv.org/pdf/2301.08727.pdf


Prof. Marius Lindauer: Generative AI and AutoML’s Role           –         Workshop on Insurance and Financial Mathematics 20.11.2024 24

AutoML: ML Pipeline Design

● Eventually, we want to design entire ML pipelines
● Consisting of

○ Model class (e.g., DNN vs XGBoost)
○ Preprocessing of the data
○ Data augmentation
○ Feature engineering
○ Postprocessing of the predictions …

[Feurer al. al 2015]

https://ml.informatik.uni-freiburg.de/wp-content/uploads/papers/15-NIPS-auto-sklearn-preprint.pdf
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AutoML in the Age of LLMs [Tornede et al. TMLR’24]

https://arxiv.org/abs/2306.08107
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Model-based Optimization

26

Photo by Wilhelm Gunkel on Unsplash
Image by Feurer, Hutter: Hyperparameter Optimization. 
In: Automated Machine Learning

λn

f(Aλn)

https://unsplash.com/@wilhelmgunkel?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/gears?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Bayesian Optimization in a Nutshell

27
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Bayesian Optimization in a Nutshell
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Bayesian Optimization in a Nutshell
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Bayesian Optimization in a Nutshell
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Bayesian Optimization in a Nutshell

31
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Bayesian Optimization: Pseudocode

32
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Bayesian Optimization + X

Multi-fideltiy 
Optimization Meta-Learning Multi-Objective 

Optimiziation User Priors
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Human-Centered AutoML

34
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▪ More efficient by leveraging 
human expertise 

▪ More trustworthy by considering 
human expectations 

▪ More customizable by building 
approaches for different user 
groups 

▪ Better integrable into existing 
data science workflows 

▪ Less wasted time in failed 
experiments because of 
interactivity 

▪ Empowering humans instead of 
making them dependent 

Human-Centered AutoML [Lindauer et al. ICML’24]

 

https://arxiv.org/abs/2406.03348
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Bayesian Optimization vs Manual Tuning 
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Bayesian Optimization with Expert Knowledge
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piBO [Hvarfner et al. ICLR’22]

Acquisition Function User Prior Speed of forgetting user prior

https://openreview.net/forum?id=MMAeCXIa89
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piBO [Hvarfner et al. ICLR’22]

➔ Uses expert knowledge to speed up Bayesian Optimization
➔ Robust also against wrong believes
➔ Substantially speeds up AutoML
➔ Follow up with PriorBand [Mallik et al. NeurIPS’23]

https://openreview.net/forum?id=MMAeCXIa89
https://neurips.cc/virtual/2023/poster/70135
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HYPERSHAP: SHAPLEY VALUES AND INTERACTIONS
FOR HYPERPARAMETER IMPORTANCE [Wever et al under Review]
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Shapley-Games for HPO I
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Shapley-Games for HPO II
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Shapley-Games for HPO III
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Use of Shapley-Explanations for HPO
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The next generation of ML?
(not from my group!)

45
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TabPFN: Pre-Trained Transformers for Inductive 
Learning of Tabular Data [Hollmann et al. ICLR’23]

https://arxiv.org/pdf/2207.01848
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Data Modelling in TabPFN [Hollmann et al. ICLR’23]

https://arxiv.org/pdf/2207.01848
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Chronos: Foundation Model for Timeseries 
Forecasting [Ansari et al. TMLR’24]

https://arxiv.org/pdf/2403.07815
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Data Modelling for Timeseries 
[Ansari et al. TMLR’24]

https://arxiv.org/pdf/2403.07815
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Agent K: The next Kaggle Grandmaster? 
[Grosnit et al. 2024]

https://arxiv.org/pdf/2411.03562
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1. Foundational models are the next / current wave of AI advances.

2. Although LLMs provide nice text interfaces, AutoML is still key for best 
performance on specific applications.

3. AutoML can take care of a multitude of design decisions, including 
hyperparamters, neural architectures and entire pipelines.

4. Foundational models for data modalities (such as tables or time series) or 
agentic LLM-systems promise the next generation of (Auto)ML.

Take-Aways
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luh-ai

LUH-AI

@luh-ai

52

Funded by:

Find Us

automl-org

automl

@AutoML_org

Logo Usage

Logos Top Right
- Use either LUHAI or 

AutoML.org logo
- For international events, the 

AutoML.org is preferred

Logos Bottom:
- Keep the logos relevant for 

your project

https://www.linkedin.com/company/luh-ai
https://github.com/LUH-AI
https://www.youtube.com/@luh-ai
https://www.linkedin.com/company/automl-org
https://github.com/automl/
https://www.youtube.com/@AutoML_org
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AutoDL: Joint NAS & HPO

1. Deep Learning includes complex pipelines 
2. NAS & HPO need to go hand in hand

➜ Auto-PyTorch [Zimmer et al. 2021] 

➜ Auto-PyTorch for Time Series Forecasting [Deng et al. 2022]

AutoML Optimizer

Evaluation Scheme

Imputation

Normalization

Encoding

Resampling

Architecture

DL Optimizer

Loss

https://arxiv.org/abs/2006.13799
https://arxiv.org/abs/2205.05511
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AI for Education

54

Credits: [Ethan Mollick 2023]

● LLMs allows for 24/7 tutors
→ always available

● You can ask whatever you want

● Education will be personalized

● How students will learn and what 
they need to learn will 
substantially change. 

● Risk: If we (=users) don’t know 
anymore whether the output of 
LLMs is correct or not, we will get 
into huge trouble.

https://www.oneusefulthing.org/p/innovation-through-prompting

