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Generative AI has changed 
our way of thinking about AI

Jakub M. Tomczak 2



Jakub M. Tomczak 3

https://openai.com/chatgpt
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https://www.midjourney.com/
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https://stability.ai/
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https://github.com/features/copilot
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https://www.isomorphiclabs.com/
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Gemini: A Family of Highly Capable Multimodal Models
https://deepmind.google/technologies/gemini
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https://segment-anything.com/



How Generative AI works?
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Three pillars of Generative AI

• Three pillars:

• Probabilistic modeling

(principles of building models)

• Deep Learning 

(parameterizations of distributions)

• Software engineering 

(effective and efficient 

implementation of Generative AI)
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The first comprehensive book on 
Generative AI
Theory and code for all (deep) 
generative models:
• Autoregressive models
• Flow-based models
• Variational Auto-Encoders
• Diffusion models
• Generative Adversarial Networks
• Energy-based models
• (new edition: under development) 

Score-based Models & Transformers
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Tomczak, J. M. (2022). Deep Generative Modeling. Springer Cham



Generative AI at the TU/e
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Generativ/e group at the TU/e

Jakub M. Tomczak 14

Life Sciences
Molecular Sciences

Generative Computer Vision

Large Language Models

Foundations of Generative AI Education

Deep LearningUncertainty

DatabasesAI4Science



De novo drug design with Transformers
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Izdebski, Weglarz-Tomczak, Szczurek, Tomczak, GenBio Workshop @ Neurips 2023
“De novo drug design with Joint Transformers”

Generative AI with Decision Making: 
A single model that can GENERATE and PREDICT at the same time

Property values

Best molecule



Joint Diffusion Models for Medical Imaging
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Deja, Trzcinski, Tomczak, ECML 2023
"Learning Data Representations with Joint Diffusion Models"

Generative AI with Decision Making: 
A single model that can GENERATE and PREDICT at the same time

Original

Generated

ROI



What else can we do with 
Generative AI in the future?
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LLMs for engineers
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LLMs as manuals for 
engineers.

Examples:
- Diagnostics
- Documentations
- Education
- System design



Generative AI for Chip Design
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"We're already seeing AI 
accelerate the design 
process by flattening 
learning curves, eliminating 
tedious work, and 
upleveling expertise, which 
expands skillsets" –
Erik Berg, Principal 
Engineer in the verification 
and validation team at
Microsoft.

https://semiengineering.com/where-are-we-on-the-road-to-artificial-intelligence-in-chip-design/



Generative AI for Diagnostics
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Typical situation (defect detection):

- very few labeled data

- a need for transfer learning

- a lack of background knowledge

Zhong, Xiaopin, et al. "An Overview of Image Generation of 
Industrial Surface Defects." Sensors 23.19 (2023): 8160.



Generative AI for Diagnostics
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https://rutilea.com/en/defective-image-generative-ai/

Typical situation (inspections):

- very few labeled data

- a need for transfer learning

- a lack of background knowledge



Generative AI in Industry 4.0/5.0
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Data from sensors:

- Datastreams

- Event data

Labaled data < 1%

Multi-stage decision making

Network data

https://www.keyence.com/



Generative Multi-Agent Systems
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https://microsoft.github.io/autogen/

One agent = One machine

A single interface = Natural Language



Conclusion
Generative AI is the key for Industry 5.0
Generative AI + Decision Making
Generative AI helps…
- designers
- engineers
- in diagnostics
- in communication
- machines to talk
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Thank you!
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Contact: j.m.tomczak@tue.nl
jmk.tomczak@gmail.com

Generative AI Group: https://generativeai-tue.github.io/

mailto:j.m.Tomczak@tue.nl
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