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Advanced Use Cases of Generative AI
Robert Haase & Lina Lisa Höck

These slides can be reused under the conditions of the CC-BY 4.0 license if not otherwise specified.
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Quiz

What is the cut-off […] of a language model?

The 
maximum 
number of 
tokens of a 

prompt

The 
maximum
length of 
generated

text

The date until 
when the model 
knowledge can 

include
information

The part of 
the prompt
the language 

model can 
recall
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Language models for text analysis 
[information retrieval]

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE
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Information retrieval
Even incomplete information is
often sufficient.

Hi Peter and Robert,

works for me too!

Best regards,
Tanja

> Peter wrote:
>
> Hi Robert, 
>
> I'm extremely busy these days and I'm not sure if it will work next week. We 
> also need to finalize the presentation slides for the training with the city 
> and write the two new proposals. So I would prefer if we could keep the 
> meeting short, and I can only on Thursday. On Friday 
> I am on vacation.
>
> Best regards,
> Peter
>
>
>> Robert wrote:
>> 
>> Hi Tanja and Peter,
>> 
>> when would you have time for a meeting? I’m available next week Thursday 
>> and Friday from 1 PM onwards.
>> 
>> Best regards,
>> Robert
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Information retrieval
Even incomplete information is
often sufficient.

Hi Peter and Robert,

works for me too!

Cheers,
Tanja

> Peter wrote:
>
> Hi Robert, 
>
> I'm super busy these days and unsure if next week works. We 
> still need to finish the presentation slides for the training with the city 
> and write the two new proposals. So I’d prefer to keep the meeting brief, and I 
> can only do Thursday. On Friday 
> I'm on vacation.
>
> Best regards,
> Peter
>
>
>> Robert wrote:
>> 
>> Hi Tanja and Peter,
>> 
>> When would you have time for a meeting? I could do next week on Thursday 
>> and Friday from 1 pm onward.
>> 
>> Best regards,
>> Robert

Prompt:
When can the meeting take place?

{email}

Output:

The meeting can take place on Thursday, as both 
Tanja and Robert are available on that day. Tanja has 
also confirmed that it works for her. However, Peter 
mentioned that he’d like to keep the meeting short, 
as he is very busy. The format of the 

response resembles
the format of the 

prompt.
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Information retrieval
Even incomplete information is
often sufficient.

Hi Peter and Robert,

works for me too!

Cheers,
Tanja

> Peter wrote:
>
> Hi Robert, 
>
> I'm super busy these days and unsure if next week works. We 
> still need to finish the presentation slides for the training with the city 
> and write the two new proposals. So I’d prefer to keep the meeting brief, and I 
> can only do Thursday. On Friday 
> I'm on vacation.
>
> Best regards,
> Peter
>
>
>> Robert wrote:
>> 
>> Hi Tanja and Peter,
>> 
>> When would you have time for a meeting? I could do next week on Thursday 
>> and Friday from 1 pm onward.
>> 
>> Best regards,
>> Robert

Prompt:
Today is Friday, March 21st. Provide 
the first possible date for the meeting. 
Be extremely brief.

{email}

Output:

Thursday, March 27th, from 1 pm onward.
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Context length
The number of tokens, a language model can ingest.
(1 Token ≈ 0.75 Words)

https://storage.googleapis.com/model-
cards/documents/gemini-2.5-pro-preview.pdf
https://platform.openai.com/docs/models/gpt-4o
https://platform.openai.com/docs/models/gpt-5

https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://storage.googleapis.com/model-cards/documents/gemini-2.5-pro-preview.pdf
https://platform.openai.com/docs/models/gpt-4o
https://platform.openai.com/docs/models/gpt-4o
https://platform.openai.com/docs/models/gpt-4o
https://platform.openai.com/docs/models/gpt-5
https://platform.openai.com/docs/models/gpt-5
https://platform.openai.com/docs/models/gpt-5
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Quiz: Prompt-Length

How long was the longest prompt you ever used?

< 10 sentences < 1 A4 page < 10 A4 pages < 1 book
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Context length

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

https://github.com/gkamradt/LLMTest_NeedleInAHaystack
https://github.com/gkamradt/LLMTest_NeedleInAHaystack
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Context length

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

https://github.com/gkamradt/LLMTest_NeedleInAHaystack
https://github.com/gkamradt/LLMTest_NeedleInAHaystack
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Context length
Length of the entire discussion with a Chatbot

Context
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Context length
Length of the entire discussion with a Chatbot

Context
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Long-context Prompting (in-context learning)

We provide a huge knowledge base as context for the prompt.

Prompt:
You are a consultant in an 
academic context, specialized in 
good scientific practice.

<KNOWLEDGE BASE> 

Your task:
Answer all questions EXCLUSIVELY 
with the information provided. If 
the answer to a question is not 
given in the information above, 
reply politely that you do not 
know the answer and refer to the 
email address of the advisory 
office: <EMAIL>

Image source: DFG, licensed CC-BY-SA 4.0
https://zenodo.org/records/14281892

https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://zenodo.org/records/14281892
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Structuring of Information

Unstructured Project 
Description

https://focalplane.biologists.com/2023/11/06/creating-a-
research-data-management-plan-using-chatgpt/
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac
88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf

Data Management Plan
Data Description
Our study aims at understanding the fundamental physical principles informing Gastrulation in Tribolium castaneum embryo
development. Through this endeavor, we will generate 3D timelapse imaging data gathered from light-sheet microscopes. The
data sets are stored using the NGFF file format. In the process of the project, we will create Python-based code for data
analysis, research papers drafted on Overleaf, which incorporates the findings and results of our study.
Documentation and Data Quality
Once the required data is acquired, it undergoes a scrutiny process where two scientists, generally a post-doc or group leader
along with a PhD scholar, determine whether the data merits a detailed analysis. If affirmed, it will be stored on our Omero-
Server – an exclusive data management solution created for microscopy imaging data. The analysis results, Python analysis
scripts, and manuscript edits are also stored in this server and always updated after each modification.
Storage and Technical Archiving of the Project
The data on the Omero-Server and the institutional git-server, where we store the Python analysis code and edits to our
manuscript, are automatically backed up by our university’s compute center. Completed aspects of the project are retained in
the institutional archive server for a guaranteed period of 15 years. This archive likewise holds a copy of all published data,
code, and manuscripts attached to the project.
Legal Obligations and Conditions
Our published documents and data are licensed under the CC-BY 4.0 license, while the published code follows the BSD3 license.
Individuals working on the project and accessing the institutional lab notebook are required to pay a monthly fee of 10 Euros.
Data Exchange and Long-termData Accessibility
To ensure wider accessibility and visibility, we publish our finalized manuscripts to the bioRxiv – a preprint server primarily
geared towards the life-sciences. We further open-source our project-related Python code by switching the settings on our git-
server to public and tagging the code with a release version. All imaging data will be made accessible by uploading a copy of
the data set from the Omero-Server to zenodo.org – a community-driven repository for research data backed by the European
Union.
Responsibilities and Resources
The research group comprises four members who will be actively involved in the project that spans over four years. The
compute center estimates the infrastructural costs for both storage and maintenance to be 20k Euros and one-half of an IT
specialist’s position.

In our project we investigate the underlying physical
principles for Gastrulation in Tribolium castaneum embryo
development. Therefore, we use light-sheet microscopes to
acquire 3D timelapse imaging data. We store this data in
the NGFF file format. After acquisition, two scientists,
typically a PhD student and a post-doc or group leader look
into the data together and decide if the dataset will be
analyzed in detail. In case yes, we upload the data to an
Omero-Server, a research data management solution
specifically developed for microscopy imaging data. Data
on this server is automatically backed-up by the compute
center of our university. We then login to the Jupyter Lab
server of the institute where we analyze the data. Analysis
results are also stored in the Omero-Server next to the
imaging data results belong to. The Python analysis code
we write is stored in the institutional git-server. Also this
server is backed up by the compute center. When the
project advances, we start writing a manuscript using
Overleaf, an online service for collaborative manuscript
editing based on latex files. After every writing session, we
save back the changed manuscript to the institutional git
server. As soon as the manuscript is finished and submitted
to the bioRxiv, a preprint server in the life-sciences, we also
publish the project-related code by marking the project on
the git-server as public. We also tag the code with a release
version. At the same time we publish the imaging data by
submitting a copy of the dataset from the Omero-Server to
zenodo.org, a community-driven repository for research
data funded by the European Union. Another copy of the
data, the code and the manuscript is stored on the
institutional archive server. This server, maintained by the
compute center, guarantees to archive data for 15 years.
Documents and data we published is licensed under CC-BY
4.0 license. The code we publish is licensed BSD3. The entire
project and all steps of the data life-cycle are documented
in an institutional lab notebook where every user has to
pay 10 Euro per month. Four people will work on the
project. The compute center estimates the costs for storage
and maintenance of the infrastructure to 20k Euro and half
a position of an IT specialist. The project duration is four
years.

ChatGPT

Format Specification Structured Document
(Data Management Plan)

https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://focalplane.biologists.com/2023/11/06/creating-a-research-data-management-plan-using-chatgpt/
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
https://www.dfg.de/resource/blob/174736/92691e48e89bf4ac88c8eb91b8f783b0/forschungsdaten-checkliste-en-data.pdf
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Chat-Bot (AI-System)

Knowledge Distillation
To focus an LLM on a specific domain, we need a knowledge base. Such a 
base can be generated, for example:

• “List 10 possible causes of exposure to chemical X.”

• “Write 10 standard operating protocols for dealing with chemicals of 
category Y.”

Large
AI model (e.g.

GPT4)
Distillation Knowledge 

Base
Small AI 
Model
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Chat-Bot (AI System)

Knowledge Distillation
To focus an LLM on a specific domain, we need a knowledge base. Such a 
base can be generated, for example:

• “List 10 possible causes of exposure to chemical X.”

• “Write 10 standard operating protocols for dealing with chemicals of 
category Y.”

Large 
AI model (e.g. 

GPT4)
Distillation Knowledge 

Base
Small AI 
Model

Curation

Knowledge 
Base (Draft)
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Chat-Bot (AI system)

System prompts
• System-Prompts are traditionally defined by AI-system developers to 

specialize an AI-model. 

• System-Prompts are interpreted by Chat-Apps as higher order 
instructions.

System 
prompt

User 
prompt

AI 
model

Response

Developer User
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Chat-Bot (AI system)

System prompts
• System-Prompts are traditionally defined by AI-system developers to 

specialize an AI-model. 

• System-Prompts are interpreted by Chat-Apps as higher order 
instructions.

System 
prompt

User 
prompt

AI 
model

Response

Developer User
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System prompts
Can be configured in many Chat-Apps.
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System prompts
Can be configured in many Chat-Apps.
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AI systems / AI agents
An AI agent is an AI system acting on behalf of a human .

AI system

AI model

Data

Internet

E.g. company-internal 
documents

For searching for
current results

User

I need a …

Here you go …
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AI systems / AI agents
An AI agent is an AI system acting on behalf of a human .

AI system

AI model

Data
E.g. company-internal 
documents

User

I need a …

Error! Too 
many tokens 
/ documents!

Image source: Moore et al. (2024), 
licensed CC-BY 4.0 
https://zenodo.org/records/13168693

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://zenodo.org/records/13168693
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Large Language Models
Text-to-text, Knowledge Extraction

Question

Answer

Hallucination

?

https://arxiv.org/abs/2005.11401

https://arxiv.org/abs/2005.11401
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Short excursion: LLM Embeddings
Embeddings are n-dimensional numerical representations of data, such as 
words, sentences and text. 
Using dimensionality reduction, we can display them and study distances 
between words:

https://scads.github.io/generative-ai-
notebooks/60_rag/10_text-
embeddings.html

https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
https://scads.github.io/generative-ai-notebooks/60_rag/10_text-embeddings.html
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Training material embeddings

• Embeddings / Large Language Models 
are a way to locate materials

https://github.com/haesleinhuepf/stac
kview/blob/main/docs/sliceplot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Training material embeddings

• Quiz: What lies between Research Data 
Management and Research Software 
Management?

?

https://github.com/haesleinhuepf/stac
kview/blob/main/docs/sliceplot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Training material embeddings

• Quiz: What lies between Research Data 
Management and Research Software 
Management?

https://github.com/haesleinhuepf/stac
kview/blob/main/docs/sliceplot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Embeddings
Embeddings represent words, sentences and texts in the form of long 
vectors of numbers. Example: generated PhD thesis topics for folks @UFZ.

Generated using gemma3:12b
Orgarnigram source: 
https://www.ufz.de/index.php?de=39549

Source: https://www.ufz.de/export/data/global/98778_UFZ-
Organigramm_27-10-2025.jpg

…

https://www.ufz.de/index.php?de=39549
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
https://www.ufz.de/export/data/global/98778_UFZ-Organigramm_27-10-2025.jpg
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Exercise: Guessing Groups
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Document indexQuery-Encoder Generator 

Retrieval-Augmented Generation
Enriching a prompt with context-specific knowledge base

Image source: Moore et al. (2024), licensed CC-BY 4.0 
https://zenodo.org/records/13168693
Read more: Lewis et al 2020
https://arxiv.org/abs/2005.11401  

“What is Dr. Haase 
responsible for in 

the NFDI4BioImage 
project?”

“What is Dr. Haase 
responsible for in 

the NFDI4BioImage 
project?”

LLM

According to 
page 4 Dr. Haase 
is responsible for 

…

Comparison Relevant documents

Embedding

https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://zenodo.org/records/13168693
https://arxiv.org/abs/2005.11401
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Language models for image data analysis

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE
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Vision language models (VLMs)

can count objects 

7

Image generated 
with ChatGPT
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Vision language models for counting objects

n=1
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Vision language models for counting objects

Prompt: „Analyse the following image by counting the bright blobs. Respond 
with the number only. “ (n=25)

https://scads.github.io/generative-ai-
notebooks/80_benchmarking_llms/20_vi
sion_models.html

Nov 
2023

Apr 
2024 May 

2024

https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
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Vision language models for counting objects

Experiment reproduced June 24th 2025

Apr 
2024

Lesson learned: We need physical 
control of models and infrastructure 

to secure reproducibility!

https://scads.github.io/generative-ai-
notebooks/80_benchmarking_llms/20_visi
on_models.html

Nov 
2023

Model no 
longer 

available 
(Apr. 2025)

May 
2024

Aug 
2024

Nov 
2024

May 
2025

May 
2025

https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
https://scads.github.io/generative-ai-notebooks/80_benchmarking_llms/20_vision_models.html
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VLMs for bounding box segmentation
Recap: VLMs combine images + text to produce text

Give me a json object 

of bounding boxes 

around ALL bright 

blobs in this image…

python

[{"x": 0.191, "y": 0.111,...},
{"x": 0.313, "y": 0.161,...},...]
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VLMs for bounding box segmentation

Claude 3.7 Sonnet Moondream 2BGPT-4o

https://scads.github.io/generative-
ai-
notebooks/81_benchmarking_vlm
s_counting/limits_of_vision_moon
dream_bb.html

https://scads.github.io/ge
nerative-ai-
notebooks/81_benchmar
king_vlms_counting/limits
_of_vision-claude.html

https://scads.github.io/ge
nerative-ai-
notebooks/81_benchmar
king_vlms_counting/limits
_of_vision-gpt.html

https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream_bb.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-claude.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision-gpt.html


AI4Science 
@UFZ Magdeburg
Robert Haase 
@haesleinhuepf
March 2026

46

Limits of VLMs
Example: Moondream 2B applied to simulated data

https://scads.github.io/gene
rative-ai-
notebooks/81_benchmarkin
g_vlms_counting/limits_of_vi
sion_moondream.html

Model trained on similar 
data presumably.

https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
https://scads.github.io/generative-ai-notebooks/81_benchmarking_vlms_counting/limits_of_vision_moondream.html
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Language models for data 
analysis code generation

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE
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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


AI4Science 
@UFZ Magdeburg
Robert Haase 
@haesleinhuepf
March 2026

50

Large-Language Models for Data Analysis

Analysing images using ChatGPT

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

the image”
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AI systems / AI agents
An AI agent is an AI system acting on behalf of a human .

AI system

AI model

Execution  
result

User

How many …

There are …

Code
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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://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://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/10.1101/2024.04.19.59
0278v1
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://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


AI4Science 
@UFZ Magdeburg
Robert Haase 
@haesleinhuepf
March 2026

58

Benchmarking LLMs for 
Bio-image Analysis

57 use-cases, 
26 LLMs, 
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://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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Quiz:
What do you use most often for code generation?

https://gemini.google.com/https://chatgpt.com/ https://claude.ai/

Other

https://gemini.google.com/
https://chatgpt.com/
https://claude.ai/
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Consulting LLMs
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Quiz: Is it a good idea to upload my own 
research data to a commercial LLM / cloud 
provider?

NoYes
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AI-assisted data analysis

?

&%![{$”§!

Data 
protection 

officer

https://julius.ai

https://julius.ai/
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AI-assisted data analysis
Analyzing synthetic data is fine Data 

protection 
officer

https://julius.ai

https://julius.ai/
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AI-assisted data analysis
Analyzing synthetic data is fine Data 

protection 
officer

https://julius.ai

https://julius.ai/
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Rerun AI-generated code on safe infrastructure

https://base4nfdi.de/pr
ojects/jupyter4nfdi

https://julius.ai
https://hub.nfdi-jupyter.de/

https://julius.ai/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
https://hub.nfdi-jupyter.de/
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Generating code for statistical analysis

Be careful when prompting for code, review it carefully.

LLMs often provide 
“simple” solutions.

https://scads.github.io/embo-lsm-bia-
2025/03_bia_bob/bia_bob-statistical_testing.html

https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html


AI4Science 
@UFZ Magdeburg
Robert Haase 
@haesleinhuepf
March 2026

69

Generating code for statistical analysis

Be careful when prompting for code and provide as many 
details as you can!

Look at your 
data!

https://scads.github.io/embo-lsm-bia-
2025/03_bia_bob/bia_bob-statistical_testing.html

https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
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Generating code for statistical analysis

Be careful when prompting for code and provide as many 
details as you can!

LLMs may not be brave
scientists, but you!

https://scads.github.io/embo-lsm-bia-
2025/03_bia_bob/bia_bob-statistical_testing.html

https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
https://scads.github.io/embo-lsm-bia-2025/03_bia_bob/bia_bob-statistical_testing.html
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Good scientific practice

Collect sentences like this one

• Share it with colleagues

• Review / adapt the regularly

• Store it in your system prompts / ChatApp-Config

• Tell others about it
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AI-assisted coding
The number of [agentic] AI systems for coding is exploding

https://chatgpt.com/codexhttps://jupyter-ai.readthedocs.io/

https://github.com/paul-gauthier/aider/

https://www.cursor.com/

https://app.all-hands.dev/https://www.anthropic.com/claude-
code

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

https://chatgpt.com/codex
https://jupyter-ai.readthedocs.io/
https://jupyter-ai.readthedocs.io/
https://jupyter-ai.readthedocs.io/
https://github.com/paul-gauthier/aider/
https://github.com/paul-gauthier/aider/
https://github.com/paul-gauthier/aider/
https://www.cursor.com/
https://app.all-hands.dev/
https://app.all-hands.dev/
https://app.all-hands.dev/
https://www.anthropic.com/claude-code
https://www.anthropic.com/claude-code
https://www.anthropic.com/claude-code
https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
https://github.com/haesleinhuepf/bia-bob
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AI-assisted coding: Visual Studio Code
Some of these tools 
can be configured to 
work with Helmholtz AI 
Blablador.

https://sdlaml.pages.jsc.fz-
juelich.de/ai/guides/blablador_on_
vscode/

Data 
protection 

officer

https://sdlaml.pages.jsc.fz-juelich.de/ai/guides/blablador_on_vscode/
https://sdlaml.pages.jsc.fz-juelich.de/ai/guides/blablador_on_vscode/
https://sdlaml.pages.jsc.fz-juelich.de/ai/guides/blablador_on_vscode/
https://sdlaml.pages.jsc.fz-juelich.de/ai/guides/blablador_on_vscode/
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AI-assisted coding : bia-bob

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

• Code generation in 
Jupyter notebooks

• Optimized for 
microscopy image 
processing and 
tabular data analysis

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

The context window of a language model is

The length of 
my prompt

The length of 
the LLM output

The length of 
an entire 

discussion

The amount 
of the 

training data
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Quiz: Terminology

What is ChatGPT?

AI Model AI System
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Exercises

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Group work

https://scads.github.io/ai4science-ufz-madgeburg-2026

https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
https://scads.github.io/ai4science-ufz-madgeburg-2026
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Exercise: Create a chatbot
Create your own chatbot on
a topic of your choice:

• AI Ethics

• Guidelines for ensuring good 
scientific practice

• Checklist for handling research 
data

• …

https://scads.github.io/ai4science-
ufz-madgeburg-
2026/session2/chatbot.html

https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/chatbot.html
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Exercise: Search through documents
• Search a document for 

known information

• Check the sources.

• Compare uploading a PDF 
to copy & pasting the 
entire text from the 
document.

• Note: Only use publicly 
available documents! No 
secret stuff.

https://scads.github.io/ai4science-ufz-
madgeburg-
2026/session2/searching_documents.html

https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
https://scads.github.io/ai4science-ufz-madgeburg-2026/session2/searching_documents.html
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Exercise: Writing project proposals
Upload a document to an LLM 
provider and use it to formulate a 
follow-up project, e.g. for a master 
student. 

Hint: This may not work with 
academic providers.

https://scads.github.io/ai4science-ufz-
madgeburg-2026/session2/writing-
proposals.html
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Exercise: Data analysis
Generate code using AI and rerun it on safe infrastructure

https://scads.github.io/ai4science-ufz-
madgeburg-
2026/session2/ai_data_analysis.html
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Exercise: Code-generation
Connect bia-bob to blablador and generate Python code within Jupyter

Note: This exercise is recommended for Jupyter users only.

https://scads.github.io/ai4science-
ufz-madgeburg-2026/session2/bia-
bob-demo.html
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Exercise: Code Generation
If you are an R-user, try 
the new AI-integration in 
the Positron app.

Note: This is a 
commercial provider. Be 
careful with entering 
secret, research-
related questions or 
code.

https://scads.github.io/ai4science-ufz-madgeburg-
2026/session2/generating-r-code.html
https://positron.posit.co/assistant.html
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Quiz

What exercise are you most  interested in?

Searching in 
documents / 

writing 
proposals

AI Code 
generation for 

Python

AI Code 
generation 

for R

Setting up an 
own chatbot
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Exercises

CENTER FOR SCALABLE DATA ANALYTICS 
AND ARTIFICIAL INTELLIGENCE

Group work

https://scads.github.io/ai4science-ufz-madgeburg-2026
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Feedback round
What worked well worked? What did not?
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Note
The chat bots we developed serve academic purposes. 

We did not do any quality assurance and did not define terms of service 
documents etc.
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Note
Too many AI-Systems are developed as Prototypes and 
too fast put in production.

Source: Chris Bakke on Twitter 
https://x.com/ChrisJBakke/status/173
6533308849443121

https://x.com/ChrisJBakke/status/1736533308849443121
https://x.com/ChrisJBakke/status/1736533308849443121
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