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Jakub M. Tomczak, Ph.D.

Associate Professor at TU/e

Group Leader of the Generative AI group

Founder Amsterdam AI Solutions

+15y experience in ML/AI and GenAI

The author of “Deep Generative Modeling”
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Modeling: Discriminative vs. Generative
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Modeling: Discriminative vs. Generative



AI Summit Brainport 2024

6

Knowing the generative process allows us to understand phenomena 
and

 synthesize (a.k.a. generate) new data.

Modeling: Discriminative vs. Generative
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Probabilistic modeling

 (principles of building models)

Deep Learning

 (parameterizations of distributions)

Software engineering

 (effective and efficient implementation 

of Generative AI)

Generative AI
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LLM   c

Probabilistic modeling

 (principles of building models)

Deep Learning

 (parameterizations of distributions)

Software engineering

 (effective and efficient implementation 

of Generative AI)

Generative AI
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Stable c
Diffusion

Generative AI
Probabilistic modeling

 (principles of building models)

Deep Learning

 (parameterizations of distributions)

Software engineering

 (effective and efficient implementation 

of Generative AI)



AI Summit Brainport 2024

How to build Generative AI?
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Large Language Models
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Launched November 30, 2022

https://chat.openai.com/
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https://chatgptopenai.nl/chatgpt-online/

Dutch ChatGPT
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https://www.anthropic.com/news/3-5-models-and-computer-use



AI Summit Brainport 2024

https://github.com/features/copilot

More than 
natural language
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Going beyond LLMs: 
Generative AI Systems
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https://ai.meta.com/blog/retrieval-augmented-generation-streamlining-the-creation-of-intelligent-natural-language-processing-models/

RAG: Retrieval-augmented Generation
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Segmentation-to-Image
Inpainting

Superresolution
Text to Image

Rombach et al. (2022). High-resolution image synthesis with latent diffusion models. CVPR

Pre-trained Auto-Encoder
Diffusion model in the latent space
Sampling/Inference:
Diffusion model -> Decoder

Stable Diffusion (a.k.a. Latent Diffusion)
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Jakub M. Tomczak20

Saharia et al. (2022). Photorealistic text-to-image diffusion models with deep language understanding NeurIPS

ImaGen: Diffusion + Superresolution
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https://deepmind.google/technologies/geminiGemini: A Family of Highly Capable Multimodal Models

Multimodal Generative AI (various data modalities)
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The following questions:

1. What are the common components?

2. What about compositionality?

3. Can we come up with a general structure?

4. Can we come up with general design patterns?

How to design such systems?
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LLMs as systems
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Components:
Text Encoder
Generative Model: LLM
Retrieval/Storage unit
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Components:
Text Encoder
Image encoder
Generative Model: Diffusion + Decoder
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Components:
Text Encoder
Generative Model: Diffusion + Superresolution
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Components:
Audio Encoder
Generative Model: LLM
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Components:

DEs: Data Encoders

GeM: Generative Model

R/S: Retrieval/Storage unit

Database (DB)

Tools

Generative AI Systems (GenAISys)
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Compositionality:
atomic system (as) = state + dynamics
composite system (cs) = set of as

composition = how to combine as & cs

Compatibility:
Outputs of one system are legal as 
inputs of another system

System Verification & Validation (Reliable AI):
Verification is a set of actions used to check 
the correctness of a system and its elements.
Validation checks if a system solves a given 
problem

Generative AI Systems (GenAISys)
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LLMs: not only a hype but an important landmark in GenAI

GenAISys: we have them, we use them but need to understand them

Future:

Generative AI + Responsive AI = Agentic AI

How to formally analyze/understand GenAISys? Category Theory?

Conclusion
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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
mailto:jmk.tomczak@gmail.com
https://generativeai-tue.github.io/

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	How to build Generative AI?
	Large Language Models
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Going beyond LLMs: �Generative AI Systems
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Thank you!��Questions?

