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Large Language Models (LLMs)
Text-to-text, translation

Hello world Hallo Welt

English German

Simplified drawing. 
In practice: 100 000 000 000 

parameters (weights)
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Embeddings

Modified from: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762

Embedding Embedding

Embedding

https://arxiv.org/abs/1706.03762
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Embeddings
N-dimensional vector space representing… a word, sentence, text, …

Connecting to 
the server

Submitting a 
prompt

NEVER submit 
confidential, 

secret or private 
information!
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Embeddings
N-dimensional vector space representing… a word, sentence, text, …



Using LLMs
Bio Image Analysis
Robert Haase 
@haesleinhuepf
September 2025

6

Embeddings + Dimensionality reduction
… simply because we cannot display 2560 dimensions on a 2D screen.
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Embeddings + Dimensionality reduction
… simply because we cannot display 2560 dimensions on a 2D screen.

LLMs are not made 
/ meant for this
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Embeddings
Just for fun, I took all Leibnitz MMS institutes and generated PhD thesis 
topics that could be done at these institutes. Then, I generated 
embeddings for them.
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Quiz guessing Institutes
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Using LLMs in Python

Connecting to 
the server

Submitting a 
prompt

Data wrangling

NEVER submit 
confidential, 

secret or private 
information!
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Using LLMs in Python
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Large Language Models (LLMs)
Text-to-text, translation, code generation

Open hela-cells.tif
from skimage.io import imread

image = imread(“hela-cells.tif”)
English

Python

https://arxiv.org/abs/2310.06770

https://arxiv.org/abs/2310.06770
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Can LLMs solve real-world GitHub issues?

Source: Jimenez et al (2024), 
licensed CC-BY 4.0
https://arxiv.org/abs/2310.06770

Plot data source: 
https://www.swebench.com/
(2025-06-21)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://arxiv.org/abs/2310.06770
https://www.swebench.com/
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AI-generated Code
… appears online 
more and more

Indicator: Share of AI-
generated code to Python-
Contributions on 
Github.com

(Hint: Presumable not 
submitted by AI-agents, but 
by humans using ChatGPT)

Source: Daniotti et al (2025), licensed CC-BY 4.0
https://arxiv.org/abs/2506.08945

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://arxiv.org/abs/2506.08945
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Image Analysis using Large-Language Models

Analysing images in the browser, e.g. using ChatGPT

Prompt: 
“Please segment 
the nuclei in the 
blue channel of 

the image”
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How good are LLMs for Bio-image Analysis?
Test case: segment the image and measure the average area of objects.

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia

858.04

…

Unit-test pass-rate (n=10):

Large language models

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

Use-case: compute the correlation matrix

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

Use case: Open a zarr file

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
Data Source: https://www.ebi.ac.uk/bioimage-
archive/galleries/S-BIAD634-ai.html

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
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Benchmarking LLMs for Bio-image Analysis
Summary: 57 use-cases (yet), 24 LLMs (yet), n=10

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
https://github.com/haesleinhuepf/human-eval-bia
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Prompt Engineering

To further improve 
LLMs capabilities
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Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

Do not explain the solution. 

Only write Python code and short comments are ok.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Prompt Engineering
Modify a prompt until it works.
Write python code to open the image file 'data/blobs.tif' 

and threshold it using Otsu's method.

Apply connected component labeling to the result to 

retrieve a label image. Visualize the label image.

Do not explain the solution. 

Only write Python code and short comments are ok.

Assume the code is executed in a Jupyter notebook.

Do not use any of these Python libraries:

* OpenCV

* PIL

* Pillow

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_gene
rating_code.html
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https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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27Visualization by Greg Kamradt, Licensed MIT (modified), Source: 
https://github.com/gkamradt/LLMTest_NeedleInAHaystack

Prompt engineering

https://github.com/gkamradt/LLMTest_NeedleInAHaystack
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28Visualization by Greg Kamradt, Licensed MIT (modified), Source: 
https://github.com/gkamradt/LLMTest_NeedleInAHaystack

Prompt engineering

https://github.com/gkamradt/LLMTest_NeedleInAHaystack
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Prompt engineering in practice

https://github.com/ScaDS/BIDS-lecture-
2025/blob/main/09a_code_generation/long_context_pr
ompting.ipynb

Such knowledge
bases can be 
hundreds of 
examples, 

thousands of 
tokens

https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
https://github.com/ScaDS/BIDS-lecture-2025/blob/main/09a_code_generation/long_context_prompting.ipynb
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Scientific code writing: bia-bob

https://github.com/haesleinhuepf/bia-bob

• First steps: Keep it simple

https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
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Scientific code writing: bia-bob

https://github.com/haesleinhuepf/bia-bob

• After learning how to 
prompt for code: try 
more complex 
workflows

https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
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Notebook generation
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Optimizing documentation
E.g. to make code more readable
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Translating notebooks

%bob Please 
translate 
notebook 

<xyz.ipynb> to 
<language>.
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Exercises
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Login to jupyter4nfdi
Navigate to https://hub.nfdi-jupyter.de/ , log in and start a Jupyter Lab.

If you still have the ai-school-iom-2025 folder, enter this in a terminal: 

cd ai-school-iom-2025

git pull

https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
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Login to jupyter4nfdi
Navigate to https://hub.nfdi-jupyter.de/ , log in and start a Jupyter Lab.

If you DO NOT have the ai-school-iom-2025 folder, enter this in a terminal: 

git clone https://github.com/ScaDS/ai-school-iom-2025/

In case of problems

mkdir test2

cd test2

git clone https://github.com/ScaDS/ai-school-iom-2025/

https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
https://github.com/ScaDS/ai-school-iom-2025/
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Unzip the env.zip file
Navigate to the folder ai-school-iom-2025/docs/day4.1_llms and 
unzip the env.zip file:

cd ai-school-iom-2025/docs/day4.1_llms/

unzip env.zip
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Install requirements
First, run the notebook docs/day4.1_llms/00_setup.ipynb
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The the connection(s) to the LLM server(s)
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Embeddings
Draw embeddings of words 
/ sentences from your own 
scientific domain
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Bia-Bob: code generation
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Bia-Bob: notebook generation
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