.'ScaDS.Al | CD SioIM,

: o 3I0IMAGE
DRESDEN LEIPZIG
CENTER FOR SCALABLE DATA ANALYTICS COMPETENCE CENTER FOR INTERDISCIPLINARY NATIONAL RESEARCH DATA MANAGEMENT
AND ARTIFICIAL INTELLIGENCE DATA SCIENCE INFRASTRUCTURE FOR MICROSCOPY AND

BIOIMAGE ANALYSIS

Advanced Use Cases of Generative Al
Robert Haase & Lina Lisa Hock

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

Al4Science Funded by: Bundesministerium SACHSEN .
@UFZ M agd ebu rg fiir Forsch ung, Technologie N Diese MaBnahme wird geférdert durch die Bundesregierung Tec h ni SChe

L |
I W aufgrund eines Beschlusses des Deutschen Bundestages. - T
S c a D S AI Robert Haase und Raumfahrt h wmmm Diese MaBnahme wird mitfinanziert durch Steuermittel auf ‘ U n Ive rs Itat
° @haesleinhue pf Wl w der Grundlage des von den Abgeordneten des Séchsischen
DRESDEN LEIPZIG March 2026 Wil  Landtags beschlossenen Haushaltes. DTESden

% UNIVERSITAT
U LEPZIG


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.

Quiz

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

The The The date until The part of
maximum maximum when the model the prompt
number of length of knowledge can  the language

tokens of a generated include model can
prompt text information recall

[
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Information retrieval

Even incomplete information is
often sufficient.

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.

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.

Al4Science

@UFZ Magdeburg
Robert Haase
@haesleinhuepf

N

March 2026

Hi Peter and Robert,

works for me too!

Cheers,
Tanja

> Peter wrote:
>

> Hi Robert,

>

> 1'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 |
> can only do Thursday. On Friday

> |'m on vacation.

>

> Best regards,

> Peter

>

>

>> Robert wrote:

>>

>> Hi Tanja and Peter,

>>

>>When would you have time for a meeting? | could do next week on Thursday
>> and Friday from 1 pm onward.

>>

>> Best regards,

>> Robert
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Information retrieval

Even incomplete information is
often sufficient.

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.

Hi Peter and Robert,

works for me too!

Cheers,
Tanja

> Peter wrote:
>

> Hi Robert,

>

> |'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 |
> can only do Thursday. On Friday

> |'m on vacation.

>

> Best regards,

> Peter

>

>

>> Robert wrote:

>>

>> Hi Tanja and Peter,

>>

>>When would you have time for a meeting? | could do next week on Thursday
>> and Friday from 1 pm onward.

>>

>> Best regards,

>> Robert
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Context length

The number of tokens, a language model can ingest.

(1 Token = 0.75 Words)

GPT-40 Defaut ¢ &

Fast, intelligent, flexible GPT model

-¢- 128,000 context window
(» 16,384 max output tokens

(D Oct 01, 2023 knowledge cutoff

GPT-5 Default SN

The best model for coding and agentic tasks

¢- 400,000 context window
(& 128,000 max output tokens

D Sep 30, 2024 knowledge cutoff

= K
Y

Gemini 2.5 Pro
Preview
Model Card

Description: Gemini 2.5 Pro Preview is the next iteration in the Gemini 2.0 series of models, a suite
of highly-capable, natively multimodal, reasoning models. As Google’s most advanced model for
complex tasks, Gemini 2.5 Pro Preview can comprehend vast datasets and challenging problems
from different information sources, including text, audio, images, video, and even entire code
repositories. This model card has been updated to contain information for Gemini 2.5 Pro

Experimental (03-25) and Gemini 2.5 Pro Preview (05-06).’

Inputs: Text strings (e.g., a question, a prompt, document(s) to be summarized), images, audio,
and video files, with a 1M token context window.

Outputs: Text, with a 64K token output.

Al4Science
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@UFZ Magdeburg

cards/documents/gemini-2.5-pro-preview.pdf
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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

Pressure Testing GPT-4 128K via "Needle In A HayStack”
Asking GPT-4 To Do Fact Retrieval Across Context Lengths & Document Depth

Top Of

Document 100%
Accuracy
Of Retrieval

GPT-4 retrieval accuracy
Do:gfm started to degrade at large
context lengths when the fact
was placed between
10%-50% document depth
Placed Fact 50%
Document o.oin A::curucy
Of Retrieval
Depth
75%
Dot Depth

0%
ACCUI’OCY

Bottom Of Of Retrieval

Document 1K 10K 19K 28K 37K 46K 55K 64K 73K 82K 9K 100K 108K  TBK 128K

- Context Length (# Tokens) —_—
Goal: Test GPT-4 Ability To Retrieve Information From Large Context Windows
A fact was placed within a document. GPT-4 (1106-preview) was then asked to retrieve it. The output was evaluated for accuracy.
This test was run at 15 different document depths (top > bottom) and 15 different context lengths (1K >128K tokens).
2x tests were run for larger contexts for a larger sample size.
Al4Science
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© Context len gth

Pressure Testing Claude-2.1200K via "Needle In A HayStack"

Asking Claude 2.1 To Do Fact Retrieval Across Context Lengths & Document Depth

Top Of

Document % Doc Depth 100%
Accuracy Of
A Retrieval
Claude 2.1 200K retrieval
accuracy progressively
4 decreased as context
- lengths increased.
1482% M
B63%
2356%
29.2e%
Placed Fact == 50%
Document soxoecomn Accuracy Of
o Retrieval
Depth 6420
T073%
Te43%
85‘38'&
8B68%
93.‘38'&
0408%
06.21%
0?.‘56'&
v i o%
smion Accuracy Of
Bott of 100% Do Depth Retri |
Dgcleant e 19K 24K 30K 36K 42K 4BK  S4K 60K B5K 7K T B3K BOK 95K 101K M0BK 12K N8K 124K 130K 136K 141K MTK 153K 150K 185K TTOK 177K 182K 1BBK 194K 200K etrieva
- Context Length (# Tokens) >
Goal: Test Claude 2.1 Ability To Retrieve Information From Large Context Windows
A fact was placed within a document. Claude 2.1 (200K) was then asked to retrieve it. The output was evaluated (with GPT-4) for accuracy.
This test was run at 35 different document depths (top > bottom) and 35 different context lengths (1K >200K tokens).
Document Depths followed a sigmoid distribution
Alascience Visualization by Greg Kamradt, Licensed MIT .
@UFZ Magdeburg iy _ Technische
S DS AI Robert Haase (modified), Source: 10 Universitat UNIVERSITAT
Ca . @haesleinhuepf  https://github.com/gkamradt/LLMTest_NeedlelnA D) ‘ LEIPZIG
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Context length

Length of the entire discussion with a Chatbot

B Robert Haase
What is the captial of France?

Context

] Blablador
The capital of France is Paris.

Al4dScience
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~ . Context length

Length of the entire discussion with a Chatbot

B Robert Haase
What is the captial of France?

] Blablador

C O nteXt As of my knowledge cutoff date in 2024, the population of

Paris was approximately 2.2 million residents. However,

&l Blablador
The capital of France is Paris.

considering the entire Paris metropolitan area, which
includes both city and suburbs, the population is closer to
12.5 million. Keep in mind that population numbers can
fluctuate and might not be accurate for the current date
due to changes like births, deaths, or migration.

B Robert Haase
How many people live there?

Al4Science .
@UFZ Magdeburg Technische
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LO ng-co Nntext Prom ptl Ng (in-context learning)

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

Guidelines for Safeguarding
Good Research Practice

Code of Conduct

Prompt:
You are a consultant in an
academic context, specialized in

good scientific practice.
Your task: '

Answer all questions EXCLUSIVELY
with the information provided. If
the answer to a question is not
given in the information above,

<KNOWLEDGE BASE>

ChatGPT 5.1 v I, Share

| analysed some data for a collaborator and they included
my plots in their paper. Should | be co-author of the
paper?

o 2

According to the provided information, authorship requires a genuine, identifiable
contribution to the content of a research publication (Guideline 14). Such contributions

include, in a research-relevant way, participation in:

e the development and conceptual design of the research project,

e the gathering, collection, acquisition or provision of data, software or sources,

DFG ) ¢ the analysis/evaluation or interpretation of data and the conclusions drawn from
reply politely that you do not them, ¢
know the answer and refer to the e the drafting of the manuscript.
emall address of the advisory + Askanything o o
office: <EMAIL>
ChatGPT can make mistakes. Check important info. See Cookie Preferences.
Al4Science

Robert Haase
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Structuring of Information

Unstructured Project Format Specification
Description

Structured Document
(Data Management Plan)

m, our proj ect we nv est'lgatg tl?e underlying physical Checklist Regarding the Handling of Research Data Data Management Plan -
principles for Gastrulation in Tribolium castaneum embryo . i
development. Therefore, we use light-sheet microscopes to 1. Data description Data Description 3

How does your project generate new data? Is existing data reused? Which data types (in
terms of data formats like image data, text data or measurement data) arise in your
project and in what way are they further processed? To what extent do these arise or
what is the anticipated data volume?

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

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-term Data 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

2. Documentation and data quality

What approaches are being taken to describe the data in a comprehensible manner
(such as the use of available metadata, or What
measures are being adopted to ensure high data quality? Are quality controls in place
and if so, how do they operate? Which digital methods and tools (e.g. software) are
required to use the data?

3. Storage and technical archiving the project
How is the data to be stored and archived throughout the project duration? What is in
place to secure sensitive data throughout the project duration (access and usage rights)?

4. Legal obligations and conditions

What are the legal specifics associated with the handling of research data in your
project? Do you anticipate any or regarding

publication or accessibility? What is in place to consider aspects of use and copyright law
as well as ownership issues? Are there any significant research codes or professional
standards to be taken into account?

5. Data exchange and long-term data accessibility
Which data sets are especially suitable for use in other contexts? Which criteria are used
to select research data to make it available for subsequent use by others? Are you
planning to archive your data in a suitable infrastructure? If so, how and where? Are there
any retention periods? When is the research data available for use by third parties?

6. Responsibilities and resources

Who is responsible for adequate handling of the research data (description of roles and
responsibilities within the project)? Which resources (costs; time or other) are required to
implement adequate handling of research data within the project? Who is responsible for

curating the data once the project has ended?

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

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

a position of an IT specialist. The project duration is four
years.

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.
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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
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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

Al model (e.g.
GPT4)

Knowledge + Small Al
Model

Base
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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
Al model (e.g.
GPT4)

Knowledge + Small Al
Base Model

Knowledge

Al4Science Base Draft B
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System prompts

« System-Prompts are traditionally defined by Al-system developers to
specialize an Al-model.

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

Developer User
Al4Science s
@UFZ Magdeburg ‘ Technische i
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System prompts

« System-Prompts are traditionally defined by Al-system developers to
specialize an Al-model.

\\'-

\‘.*_.'
T
& :

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

-

Developer User
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System prompts
_’Can be configured in many Chat-Apps.

v © ChatGPT X 4+

| X | v & chatGPT x o+

1
&« = C 25 chatgpt.com @ D 5, 3,] : « = C 2% chatgpt.com/#settings/Personalization
&) ChatGPT ~ S o O ChatGPT
@ | @ X Enthusiastic Default v
Q 4 @3 General Headers & Lists Default v
@ { () Notifications

What are you working on? r::> o el pefade ™
Personalization

Instant answers

Robert Haase 88 Apps ChatGPT can sometimes use its general knowledge to give fast, in- o
@haasert depth answers. These aren't personalized and don't use your memory.
\0( o @ Schedules
® Upgrade plan a Custom instructions
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’ N Security
= Profile
S Parental controls
@ Settings About you
@ Account
® Help > Nickname
(® Log out
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© . System prompts
Can be conflgured in many Chat-Apps.

I Al Chat Al x = X I *Al Chat Al x | + =
{ I |

& > @ % chat-aiacademiccloud.de/chat/ee7... @ ¥t 3 R & > C % chat-ai.academiccloud.de/chat/ee73b957-dde1-4750-bc13-d7314c414eac Q W 3

l = %Al .l Qwen 3 308 A3B Instruct 2507 | D & ’ . > |(KISSKI SGWDG

A

Suggest user prompts ®

'\ Memory ® “ Recall Learn |
S

0.5
temp @ Logical Creative
Focused Diverse
top.p @ '
Ask me System prompt ®

|
|:> You are a helpful assistant.

Your conversations are never stored on our servers Default
Privacy Imprint ~ ¢ mm A/
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Al systems / Al agents

An Al agent is an Al system acting on behalf of a human .

" D -

Al mode|

« “

| need a ...

E.g. company-internal
documents

For searching for
current results
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Al systems / Al agents

An Al agent is an Al system acting on behalf of a human .

ﬁw

Error! Too ==
many tokens

| need a ...

E.g. company-internal
documents

-}

Al model

| 310MAGE | N
/ documents!| '
Al4Science .
@UFZ Magdeburg ~ IMage source: Moore et al. (2024), Technische «ii UNIVERSITAT
ScaDS$S AII Robert Haase licensed CC-BY 4.0 > CeD o Universitat &0 | (EpziG
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Large Language Models

Text-to-text,

Answer
. SSEOXZ
Question S22OEX
7 N
Hallucination

Retrieval-Augmented Generation for
Knowledge-Intensive NLP Tasks

Patrick Lewis'?, Ethan Perez”,
Aleksandra Piktus', Fabio Petroni!, Vladimir Karpukhin', Naman Goyal', Heinrich Kiittler',

Mike Lewis', Wen-tau Yih!, Tim Rocktiischel'®, Sebastian Riedel'?, Douwe Kiela'
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Short excursion: LLM Embeddings

Embeddings are n-dimensional numerical representations of data, such a

words, sentences and text.
Using dimensionality reduction, we can display them and study distances
between words:
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-0.2 - _0.1 { FOMPSNN hall
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Mouse -0.34 Jown hall Majapiter
L] I L] I T T L] ] Ll 1
-0.4 -0.2 0.0 0.2 -0.2 0.0 0.2 -0.2 0.0 0.2
PCA 1l PCA 1l PCA 1l
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« Embeddings / Large Language Models

are a way to locate materials

Training material embeddings

Image filtering

* Attempt to invert / “undo” processes disturbing image

qualit
i * M3

................

Top-hat filter

*Background subtraction
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Training material embeddings

 Quiz: What lies between Research Data

Management and Research Software

Management?
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Research Data Management (RD

Training material embeddings

.prod - Data Mandgement Plans (DMPs)

L] *Sto

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

« Define responsibilities and precedures early!
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Research Software Management

*Counterpart to Research Data Management
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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.

UI/:—Z> Wz o name research_field topic embedding
\ o oy |
0  Tavior Reed Chemicals in the Environment /  Microplastic-Associated Persistent [-0.010754222050309181,
y Ecotoxicology Organic Pol... -0.00575306685641408, ...
1 Rilev Jain Water Resources and Environment / Microbial Community Resilience [0.00467681884765625,
y Agquatic Ecos... to Agricultural... 0.0035836827009916306, -...
2 Taylor Ecosystems of the Future /  Resilience and Relocation: Social- [0.0015734180342406034,
Adams Conservation Biolog... Ecological P... 0.01460769772529602, -...
3 Devon  Ecosystems of the Future / Ecology  Resilience and Adaptive Capacity: [-0.0008501994889229536,
Thomas of Agroecos... Integrating ... 0.01444125734269619, ...
4 Alex Lee Chemicals in the Environment / Predicting Persistent Organic [-0.0032572217751294374,
Computational B... Pollutant Bioacc... 0.002003519097343087,...
o 00
Al4Science .
@UFz Magdeburg ~ Generated using gemma3:12b ‘ Technische UNIVERSITAT
ScaD SAlI Roberttzase - Orgarnigram source: 29 ‘ Universitat (FIPZIG
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Retrieval-Augmented Generation

Enriching a prompt with context-specific knowledge base

/Query-Encoder\ /Documentindex\ / Generator \
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Language models for image data analysis
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Vision language models (VLMs)

can count objects -

ChatGPT v

There are 7 zebrafish in the picture.

G G SNV

& = N

- ~ T: :-. o rrne
e s S LA ;

- e

How many zebrafish are in this picture? el

Al4Science
ScaDS.Al @UFZ Magdeburg Image generated 7 @) ‘ Eet_:hnis'ctlj.(: S | UNIVERSITAT
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Vision language models for counting objects

& You

@ ChatGPT

There are three blue nuclei visible in this image.

How many blue nuclei are in this image?

Al4dScience
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Sca Ds.m Robert Haase 38 @
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Vision language models for counting objects

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

Vision models counting blobs

140

120 -
y 100 Apr
2 2024 May
[
g 80- 2024
m

60

40 -

gpt-4-vision-preview gpt-4-turbo-2024-04-09 gpt-40-2024-05-13
Model
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Vision language models for counting objects

Lesson learned: We need physical
control of models and infrastructure
to secure reproducibility!
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Odel no sion models countirNf blobs
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VLMs for bounding box segmentation

Recap: VLMs combine images + text to produce text

Give me a Json object
. dj, . J [{"x": 0.191, "y": 0.111,..},
OF PouleLing Loxes {"x":0.313,"y": 0.161,..},...]
around ALL bright
blobs 1n this i1image..
Al4dScience Technisch /»\
@UFZ Magdeburg echnische ra‘-%\;.
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VLMs for bounding box segmentation

GPT-40 Claude 3.7 Sonnet Moondream 2B
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Limits of VLMs

Example: Moondream 2B applied to simulated data

150 4 - )
--- Perfect Detection P

125 | ® Detected Points (mean + std) 7
100 A
75 7

30 A

Detected Points

25 1

0 -

—25 4

~50 0 50 100 150 200
Ground Truth (Number of Points)
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Can LLMs solve real-world GitHub issues?

Published as a conference paper at ICLR 2024

SWE-BENCH: CAN LANGUAGE MODELS RESOLVE
REAL-WORLD GITHUB ISSUES?

Carlos E. Jimenez ' John Yang™'?  Alexander Wettig'?

Shunyu Yao'®  Kexin Pei’  Ofir Press'?  Karthik Narasimhan'?

"Princeton University  “Princeton Language and Intelligence  *University of Chicago

g
SWE-bench 2
Model % Resolved % Apply
Claude 3 Opus 3.79 46.56
Claude 2 1.97 43.07
ChatGPT-3.5 0.17 26.33
GPT-4-turbo 1.31 26.90
SWE-Llama 7b 0.70 51.74
SWE-Llama 13b 0.70 53.62

SWE Bench (full)

35 A

30 A

25 A

20 A

15 A

SWE-agent 1.0 (Claude 3.7 Sonnet)
.OpenHands + (odeAct v2.1 (claude-3-5-sonnet-20241022)

gutoCodeRov br-v2.0 (Claude-3.5-Sonnet-20241022)

& WE-agent + Claude 3.5 Sonngt

& WE-agent +GfF 4,0 k08)GpT 40 (20241-05-13)
&WE-agent + Claude 3 Opus

SAG + Claude 3 Opus
G + Claude 2

+ é\qﬁwﬁ& + GPT 4 (1106)

v S
D A2 I S\
Date
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Al-generated Code

... appears online
more and more

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

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

Corrected share of Al-generated code

0.35;

0.30;

0.251

0.201

0.15;

0.10;

China

France
Germany
India

Russia

United States

2020 2021 2022 2023 2024 2025
Year
Al4Sci . .
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Analysis

Large-Language Models for Data

skimage io, filters, measure, morphology
matplotlib.pyplot plt

Analysing images using ChatGPT ——

{:“(, ChatGPT image = io.imread(

Original Image

0

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

the image”

blue channel = image[:, :, 2]
100
200 200 thresh filters.threshold_otsu{blue_ channel)
binary blue_channel > thresh
300 300
400 400 cleaned = morphology.remove _small objects{binary, )
closed = morphology.closing(cleaned, morphology.disk(=})

500

0 100 200 300 400 500 600 100

The segmentation of the nuclei has been performed on the blue chan et R = CEE R e EL L R e Beed-l ) )
the figure shows the segmentad nuclei in differant colars, each corras

the field of view. Each color represents a unique label assigned ta the ] ) o
fig, ax = plt.subplots{l, 2, figsize=(12, S})

mage. [-) ax[0].imshow(image)
ax[0].set_title(

Al4Science ax[1].imshow(label image, cmap=
@UFZ Magdeburg ax[1].set_title(

S C a D S.AI I ?@ohbaeerstl(:iiieepf plt.show()
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Al systems / Al agents

An Al agent is an Al system acting on behalf of a human .

-~ Gl

-

L

Al mode|
O

Execution
result

-

-

User There are ...
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How good are LLMSs for Bio-image Analysis?

Test case: segment the image and measure the average area of objects.

area
955.0

31.0

$

0

1

2 8150
3 1186.0
4

1135.0

0.0 [ 0.1 (04 [04 0.1 0.0 0.1 0.1
8 8 ™ 8 g = S [s0} OI OI 8 5 (o] OI CDI © OI 9 © OI ©
: 8 5 38 83 T xS EraeEy fivys
Unit-test pass-rate (n=10): S § 9 9 § ¢ £ 9 2T F Yo 5 ¥ T LI E T TS
T S 3 & 8 2 23 5 5 e 8 235 o Y 3 E 2 ¥ %8
- N o o N ©Oo U o 5 s o A A > S © £ Q = 9 8
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=3 3 4 12 g g w588 E g £
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Large language models 2 38 2 & 5 6 s ~ 2 &8 E & 2 2 & R o ¥
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Benchmarking LLMs for Bio-image Analysis

Use-case: compute the correlation matrix

label maximum

mean median minimum sigma sum variance elongation feret_diameter
0 1 143.0 117.489451 117.041016 930 9489786 278450 90.056032  1.228690 8.774964
label maximum mean median minimum sigma sum variance elongation feret_diameter
1 2 113.0  83.052219 82177734 650 9699808 31809.0 94.086271 1325096 13.152946
label [Ee[eo0/o /o NI LToE SN LY I IV E YA LT BT A PEEN -0.136779 -0.170934 -0.134539 -0.014857 0.105859
2 3 130.0 108930403 108.076172 920 7557057 297380 57.109109 1.565911 12.884099
3 4 1200 94576991 93134766 700 11433116 534360 130716136 1227027 14.352700 maximum RECETIER) ROl O P D CEER TR SRR 0.577706 8 0576118  0.522637  0.563160 -0.028076 0.144944
4 s 1490 119454545 119033203 800 12017958 328500 144431321 1429829 10723805 mean [ PI: RN 1P Lt SRR LT MG R s 0.040456  0.157387  0.052848  0.122359 -0.173872
5 6 1420 124.947368 126.005859 1040 10544100 118700 111.178052 1.196911 9.273618 median EUCEFAET:] A TA ECTERA PN IR o[ RPN TGN -0.013701  0.111119  -0.002710 0.133479 -0.205403
6 7 1480 124.129964 124.013672 990 11807226 343840 139410584 1137575 13114877 TR 0.581233 INGEVZZ0N 0918750 0.928168  1.000000 |=0:317573 REWEY(:Y8 0273480 PRV /Y ) -0.311868
7 8 152.0 103.128120  99.111328 740 18019024 61980.0 324.685225  1.373404 14.866069 )
sigma | -0.136779 0.576118 0.040456 -0.013701 | ~o=hiivel EmEeeofolol o cc-tiis EEER % LY -0.250655 0.436449
8 9 137.0  83.685407  79.189453 59.0 16856217 69961.0 284.132050  1.205095 14.456832
sum -0.170934 0.522637 0.157387 0.111119 -0.057844 | oi-ctticis mEviohll 0.602559 -0.074555 0.775197
9 10 163.0 135924832 136.962891 99.0 13.564650 101264.0 183.999719 1.169756 14.730920
10 1 1750 08692044 02138672 500 25488803 1153710 649.679055 1201427 16.911535 variance -0.134539 0.563160 0.052848 -0.002710 | il :icl EekeEiellEl  0.602559 [ Neleelololo) -0.191963 0.370870
11 12 127.0 76991909 72216797 540 16391926 47581.0 268.695234 1.272889 15.066519 elongation -0.014857 -0.028076 0.122359 0.133479 0.217240 -0.250655 -0.074555 -0.191963 1.000000 0.184445
12 13 160.0  130.877049 129.990234 109.0 10845245 638680 117.619349  1.143453 13.152946 feret_diameter 0.105859  0.144944 -0.173872 -0.205403 o =i (l:::f  0.436449 [ Wyglicrs 0370870 0.184445
13 14 123.0 112.602410 112.060547 1030 4444618 93460 19.754628  2.025953 9.110434
14 15 175.0 123.444924 121.025391 830 18915416 571550 357.792956  1.339038 13.892444
%/
7/
. . ) , O
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N ¥ ¥ Fy (XS 23 \ \°
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Benchmarking LLMs for Bio-image Analysis

Use case: Open a zarr file

bi.zarr mp

Unit-test te (n=10): A A
nit-test pass-rate (n=10): R I AR S o Q@
¢ AR XAV X ny? & \°
2 Qv C& Z Q e o
@ > > N RS ® ©
open_zarr 0.0 0.0 0.0 0.2 0.0
Al4Science https://www.biorxiv.org/content/10.1101/2024.04.19.59 . .
@UFZ Magdeburg  0278v1 Technische , @ | UNIVERSITAT
Sca DS AII Robert Haase httDs://github.com/haesleinh‘ueof/hu.mgn—eval-bia 57 @ ‘ Universitat di% h‘ LEIPZIG
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" Quiz:

Other

®
What do you use most often for code generation:
v @ ChatGPT x  + — (m] X ~v ¥ Caude x  + (m] X v 4 Google Gemini x  +
N & 25 chatgpt.com [N « 4 ) ;] : « =2 C 25 claude.ai/new o % ) 3] H « = C 25 gemini.google.com/app h* o3 3’ P ==
— . D a Gemini
= ChatGPT5 ~ ¢ - B
2.5Flash » .
2+ NEW! Try image editing with our best image model, Nano Banana b4
Freeplan - Upgrade
% Hey there, Robert
ith?
What can | help with? Hello, Robert
How can | help you today?
+ |Ask anything 9 + = Sonnet4
Humans review some saved chats to improve Google Al. To stop this for future chats, turn off Gemini Apps
Upgrade to connect your tools to Claude d=el > Activity. If this setting is on, don't enter info you wouldn’t want reviewed or used. How it works

https://chatgpt.com/

Manage Activity Dismiss

Ask Gemini

+

https://claude.ai/

https://gemini.google.com/
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Consulting LLMs

=® (ChatGPT5 v @

Can you help me writing code for
clustering objects based on a table of
measurements

L1 L]

Gemini 3"
2.5Flash ’
Thought for 5s
Absolutely! Below is a rea
rows (objects) from a tabls

Can you help me writing code for clustering objects based on
sensible workflow:

a table of measurements?

s s

What kind of objects are you trying to cluster? What kind of measurements do
you have? And how many objects and measurements are we talking about?

If you could provide me with more details about your specific problem, | can give
you a more targeted and useful response. However, here's a general guide and a
Python code example for clustering objects based on a table of measurements.

[ Data Clustering Code Implementation v

@ Can you help me writing code for clustering objects based on a table of
measurements?

I'd be happy to help you write clustering code! To create the most useful
solution, I'll need to know a bit more about your specific situation:

About your data:
» What format is your measurement table in? (CSV, database, pandas
DataFrame, etc.)

« What types of measurements do you have? (numerical, categorical, or
mixed) N
« Rnnohlv how manwv nhiecte and hnw manv meacnrement dimencginng?

Reply to Claude...

+ by Claude Sonnet 4 -
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Quiz: Is it a good idea to upload my own

research data to a commercial LLM / cloud
provider?
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Al-assisted data analysis

R%![{$"8!

E fmill_student_list.c... X
spreadsheet - 75.00 B

o O
~/
| would like to see the distribution of the semesters as a histogram, and a pie
chart of the degree programs the students are enrolled in. Data
@ ¥ Connectors v 35 v @ Vv & AdvancedReasoning [ Memory Default v o prOteCt|On
officer
Al4Science h h =
—I @UFZ Magdeburg . . Technische <l \\versiar
ScaDSAI zuohbaeerst|eHirawisueepf https://julius.at “CD o gnlvarsnat Shiil | LEPZIG
DRESDEN LEIPZIG March 2026 resaen



https://julius.ai/

~ . Al-assisted data analysis
Analyzing synthetic data is fine

Data
i ste., X protection
ﬁ mi1l_student_list.c... .
spreadsheet - 75.00 B Offl Ce r

Fill the given CSV file with realistic-looking, random data. The students are
generally from the degree programs ‘BSc Computer Science’and ‘BSc Digital
Humanities’. They are at least in their 2nd semester, on average in the 6th
semester, and there are a few outliers in the 10th semester,

& Export  [B ExporttoSheets ,” Expand (O

(@) Index Immatriculated_year Lastname Firstname Study_program

@ &% Connectors v =V s & Advanced Reasoning [ Memory Default v o 1 1 2023 Kruger Tim BSc Computer Science
2 2 2022 Schulz David BSc Computer Science
3 3 2022 Schroder David BSc Computer Science
4 4 2022 Kruger Sophia BSc Computer Science
5 5 2022 Sr'\l’ dt Marie BSc Digital Humanities

Send a message...

@ < Connectors v 3= Toolsv @ Agent v & Advanced Reasoning (] Memo Default v

Al4Science
—I @UFZ Magdeburg R ) Technische
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~ . Al-assisted data analysis
Analyzing synthetic data is fine

E fmill_student_list_f... X<
spreadsheet - 6.05 KB

| would like to see the distribution of the semesters as a histogram, and a pie
chart of the degree programs the students are enrolled in.

@ «¥ Connectors v 3t v @ v & Advanced Reasoning [&] Memory Default v o

Distribution of Semesters

20.0

Number of Students
— - — -
v N o N U N
o w o (%] o w
| s

™
wn
L

it
o
|

2 4 Vo6 8 10

Semester

protection
officer

Data |

Distribution of Study Programs

BSc Digital Humanities

BSc Computer Science
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nfdi

A cantral JupyterHub

Rerun Al-generated code on safe infrastructurefEas

E fmil_student_list.c... %
spreadsheet - 75.00 B

hd  Untitled.ipynb - JupyterLab x +

J JLI“LIS <> C 2% hub.nfdi-jupyter.de/user/a1cd20cf712d4003bfcad990bc7c5dd6@login.helmholtz.de/If058e7abee048f098eb52b84ff0fde8/lab/tree/ho... & pxg 3
File Edit View Run Kemel Tabs Settings Help ﬁ v ) < Unitiedipmb-Jipyteriab - x e
. . o . — € 5 C % hubnfdijupyterdefuser/.. & ¥ £ & @D
</> Visualized Student Data Distribution t c v  Untitecpyd * & S TR X
‘ B+ X DO » m C » Code v - ———
®m/ ... /jovyan [ test/ an | 7 Untitledipynd X |+ o
B+ XD B » m C » Code v ~Openin.. # -
F Python Name - Medified I [ ]: pip install pandas seaborn matplotlib 0o Distribution of Semesters sl
HH fmi11_student_list_filled.csv 1 min. ago 200
193 # Load CSV and plot semester histogram and degree pr & i 5
« [A] Untitled.ipynb now import pandas as pd g 20
import matplotlib.pyplot as plt = gus
= import seaborn as sns P gm'o
‘é 75
# Read the Ccsv » ®
student_df = pd.read csv('fmill student list filled.| )
25
print(student_df.head()) 0 3 6 P
Semester
# Histogram of Semester Distribution of Study Programs
LS eage (e sizes(E)) | BSc Digital Humanities
sns.histplot(student_df[ 'Semester’], bins=range(int(
plt.title( 'Distribution of Semesters®)
plt.xlabel( Semester’)
plt.ylabel( 'Mumber of Students')
Code Explanation plt.tight_layout()
- - - = = = plt.show()
The code snippet visualized the distribution of semesters and study progran
pi&‘ chart.... # Pie chart of Study program
plt.figure(figsize=(6,6))
Show More program_counts = student_df['Study_program'].value_c
plt.pie(program counts, labels=program counts.index,
plt.title( 'Distribution of Study Programs')
Table Image Image pit.tight layout() ‘
b ST T, ST oy [Pl sler()
Click to view Click to view Click to view ] o ol Scidios
v
Simple 4 @  Python 3 (ipykernel) | Idle  Disk: 1.92 / 25.00 GB | CPU: 19.90 % | Mem: 433.41/2048.00 MB 4D  Mode: Cor  impe 4 @ Python3 (ipykernel) [Idle Disk: 1.92 / 25.00 GB | CPU: 0.00 % | Mem: 43341 /
Al4Science
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Generating code for statistical analysis

Be careful when prompting for code, review it carefully.

Box plot of columns A and B

4T I
|

determine if the columns A and B
are significantly different.

A B
t-statistic: -1.3287
p-value: 1.8428e-01
=> No statistically significant difference detected (0a=8.85).

LLMs often provide
“simple” solutions.

Al4dScience J—
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Generating code for statistical analysis

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

# Assuming df, a, b are already defined from the previous step.
# If not, uncomment the following lines to Load them again:
# import pandas as pd Histogram of Column A

Histogram of Column B

# df = pd.read_csv('data/data.csv')[['A’, 'B']].dropna()
# a = df['A'].values
# b = df['B'].values

# Determine a common bin range for both histograms
min_val = min(a.min(), b.min())

L ]
max_val = max(a.max(), b.max())
0 1stograms EEEe s

plt.figure(figsize=(10, 4))

# Histogram for column A
plt.subplot(1, 2, 1)
plt.hist(a, bins=bins, range=(min_val, max_val), color='steelblue', edgecolor='black’)

plt.title( 'Histogram of Column A')
plt.xlabel( value')
plt.ylabel( ' Frequency') 10 4

Frequency
g & 3

# Histogram for column B
plt.subplot(l, 2, 2) 0 -
plt.hist(b, binszbins, range=(min_val, max_val), color='indianred’, edgecolor='black') 10
plt.title('Histogram of Column B')

plt.xlabel('Value')

plt.ylabel('Freguency')

plt.tight_layout()
plt.show()
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Generating code for statistical analysis

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

Please test again if columns A and B are significantly different.
Before applying a statistical test, ensure that the necessary
pre-conditions are met.

LLMs may not be brave
scientists, but you!

, e === Assumption checks ===
' : Shapiro-Wilk A: statistic=0.9972, p=5.6236e-01 normal

Shapiro-Wilk B: statistic=0.8937, p=4.86352-18 non-normal
Levene variance test: statistic=80.6718, p=1.3016e-18 unequal variances

=== Final hypothesis test ===

Test used: Mann-Whitney U test (non-parametric)
Statistic = 113657.0000

P-value = 1.3000e-02

=> Significant difference between columns A and B (a=0.85).
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Good scientific practice

Collect sentences like this one

Please test again if columns A and B are significantly different.
Before applying a statistical test, ensure that the necessary
pre-conditions are met.

Share it with colleagues

Review / adapt the regularly

« Store it in your system prompts / ChatApp-Config
« Tell others about it
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Al-assisted coding

The number of [agentic] Al systems for coding is exploding

I8 File Edit Selection \View - « O BiolmageAnalysisNotebaoks DeEeEoe -

macbook$ aider demo.py o
P B v # brightness_and_contrastipynb (M ® & my_library.py ® [

Added demo.py to the chat T R—— >0 st > &

using git PEP‘D: .git uction 7 return math.sgrt(number * 1.2)

Clri~ Accept truct t t -

9 def square(number):

add a name param to the “greeting

1 Calculate the square of a number

13§ Parameters
I will uwpd o] | b s int or flomt
_ 16§ The number to be squared.
hints for 18] | metuns
e wf | it or ot
https://github.com/paul-gauthier/aider/ o | | T ST

X Pmant Oun @odio Wo Ln9.Col1 Spacesd4 UTF-5 CRIF {3} Python 3.124 (base’: conda) Ewrsor iab

L) = tmssnt iasoch et X https://www.cursor.com/
« c @ localhost:3888/lab/w
: File Edit View Run Kernel Tabs

& v @ Find and fix a bug in codebase X -+

haase s < & 2% chatgpt.com/codex/tasks/ta

[« I |

Write code for segmenting
"blobs.tif” and counting bright

abjects ‘ e

Find and fix a bug in codebase
Jun4  haesleinhuepf/git-bob-playground  +

E

@ Jupyternaut
Pick a part of the codebase that seems

important and find and fix a bug.

o

Certainly! To segment and count
bright objects in an image like

import bia_bob

%%bob
* Load blobs.tif from disk
* Segment the bright objects on the dark background
# Measure area and perimeter of the objects
* Show the original image, the segmented image and an
area versus perimeter plot side-by-side using subfigures.

tebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-5-

ion model: claude-3-5-sonnet-20240620, endpoint: None, bia-bob version: 0.21.0. Do not
nformation and verify generted contents according to good scientific practice, Read
haesleinhugpf/bia-bolsdisclaimer

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

https://www.anthropic.com/claude-

Please look at the README and make the following improvements, if they make
sense:

correct any typos that you find
add missing language annotations on codeblocks
if there are references to other files or other sections of the README, turn
them into links
* make sure the readme has an h1 title towards the top
* make sure any existing sections in the readme are appropriately separated
with headings
If there are no obvious ways to improve the README, make at least one small
change to make the wording clearer or friendlier

| Microagent bereit

https://app.all-hands.dev/

https://jupyter-ai.readthedocs.io/  https://chatgpt.com/codex
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Al-assisted co

Some of these tools
can be configured to

work with Helmholtz Al

Blablador.

ScaDS.AIl
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ding: Visual Stu

Blablador on VSCode or Sublin

?) A@JSC

Home Guides Recipes

Guides

Getting Started

Compute Time Projects

Al Consulting

Setup SSH

JSC Basics

Setup Environment

Remote Debugging with VSCode

Executing GitHub Code on a
Supercomputer

LLview Job Reporting web portal
Lightning Hydra Kickstart
Datasets with many files

Setting up on Windows

Installing vilm on Jedi/Jupiter

Blablador
Blablador API key access

Blablador on VSCode or Sublime
Text

Blablador on Jan.Al

x +

<« - C 25 sdlaml.pages.jsc.fz-juelich.de/ai/guides/blablador on vscode/

Legal notice  Contact

How to use Blablador with Visual Studio Code or

Sublime text

Helmholiz Blablador is not only the most useful and private Chat Robot out there. You can also

dio Code

{5} Q, Search

Prerequisites

Steps

Sublime Text

connect it to your Visual Studio Code or Sublime Text, to get the best of both worlds. Imagine

Github Capilot, but entirely open source and PRIVATE!

Visual Studio Code (VSCode)

Prerequisites

» Visual Studio Code

« A Blablador Token

= The Continue.Dev extension for Visual Studio Code (https://continue.dev)

Steps

Important Warning: This process is currently subject to a known issue in the Continue.Dev

extension regarding using jupyter notebooks on remote machines:

https:/github.com/continuedev/continue/issues/1463. Please be cautious and test thoroughly

before using in production.

Table of contents
Visual Studio Code (VSCode)

Prerequisites

https://sdlaml.pages.jsc.fz-

juelich.de/ai/guides/blablador_on

73@

vscode/

N\
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Al-assisted coding : bia-bob

e Code generationin
Jupyter notebooks

« Optimized for
microscopy image
processing and
tabular data analysis

import bia_ bob

Hkbob

*# |pad blobs.tif frem disk

# Segment the bright objects on the dark background

*# Measure area and perimeter of the objects

* Show the original image, the segmented image and an

area versus perimeter plot side-by-side using subfigures.

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-53-

sonnet-20240620, vision model: claude-3-5-sonnet-20240620, endpoint: Mone, bia-bob version: 0.21.0. Do not
enter sensitive or private information and verify generated contents according to good scientific practice. Read
mare: hitps.//github.com/haesleinhuepf/bia-bob=disclaimer

Original Image

Segmented Image Asea vs Perimeter

o
AL
i -
£ w o
£ v
o
.0
3 -
L
20 o
.
:
o 8
o 0/ 00 Ll o
e

label area perimeter
1 433.0 91.254834
185.0 53.556349

658.0 95.698485
76.870058
477.0 83.79899%0

BwWN R
[V VRN

B

W

B

®

£

Bob

‘

import numpy as np

from skimage import iec, filters, measure,

import matplotlib.pyplot as plt
import pandas as pd

import pyclesperanto_prototype as cle
import stackview

# Load the image

image = io.imread( blobs.tif’)

# Segment the bright objects

thresh = filters.threshold_ctsu(image)

binary = image » thresh

# Lobel the objects

labels = measure.label(binary}

# Measure Dr‘ﬂ;‘éf“_‘iES

A“‘

.Q;V‘

segmentation

properties = [*label', 'area’; 'perimeter’]

df = pd.DataFrame(measure.regionprops_table(labels,

# Create the figure with subfigures
fig, (axl, ax2, ax3) = plt.subplots(l, 3,

# Original image
axl.imshow(image, cmap="gray’}
axl.set_title{ Original Image")
axl.axis('off')

# Segmented imoge

axl.imshow(labels, cmap='nipy_spectral')
axd.set_title( Segmwented Image')
ax2.axis('off')

# Scotter plot

ax3.scatter(df[ "area’], df[ perimeter'])
ax3.set_xlabel( Area')

ax3.set_ylabel( Perimeter”)
ax3.set_title( Area vs Perimeter’)

plt.tight_layout()
plt.show()

# Display the dotaframe
print{df.head{}}

figsize=(15, 5)})

properties=properties))
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Quiz

The context window of a language model is

The amount The length of  The length of The length of
of the my prompt the LLM output an entire
training data discussion
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Quiz: Terminology
What is ChatGPT?

Al Model Al System
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CENTER FOR SCALABLE DATA ANALYTICS
AND ARTIFICIAL INTELLIGENCE

Group work

Exercises

https://scads.github.io/ai4science-ufz-madgeburg-2026
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Exercise: Create a chatbot

|~ @ Creating Your Own Chatbot — X +

Create your Own ChatbOt On € > C % scadsgithub.io/aidscience-ufz-2025/session2/chatbot.html Q ) R VI
a topic of your choice: | T OL @A

. Al Ethics ScaDSAIll | Creating Your Own Chatbot

DRESDEN LEIPZIG

CENTER FOR SCALABLE DATA ANALYTICS In this exercise, we will instruct a chatbot so that the system can answer questions regarding a
AND ARTIFICIAL INTELLIGENCE

i G U i d e | i n es fO I e n S U ri ng gOOd | specific topic. We can then compare the system with existing chatbots on the same topic.
scientific practice |

Al4Science Training at UFZ

2025 The Task
« Checklist for handling research

Before the training Write a system prompt as described below and start a chat. Ask questions from the given
d ata Preparation context and verify whether the answer was actually generated from the given knowledge base.
Also ask about topics outside the subject area: Can the chatbot specialized in Good Scientific
® Basics of Generative Al Practice write cooking recipes? Can a chathot specialized in data management plans also
oo Slides (2 provide information about regional excursion destinations?

Text Generation

Deep Research HOW to DO It

Knowledge Distillation

‘ For the chatbot to act as an expert in a domain, the system needs appropriate instructions
Video Overviews of Scientific . . )
and detailed information - a knowledge base.

Papers
Advanced usage v You are a polite and helpful assistant who can help with questions on the topic <TOP .
frascence https://scads.github.io/ai4science- '
@UFZ Magdeburg . -5 : Technische UNIVERSITAT

LEIPZIG

Sca Ds.ml Robert Haase ufz-madgeburg- 78 @ o Universitit
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Exercise: Search through documents

() Sea rCh a docu ment for |~ @ sSearching Documents — Al4Sc X +

&« - C 25 scads.github.io/aidscience-ufz-2025/session2/searching_documents.html

known information MRS

Slides (2

Text Generation

Searching Documents

Knowledge Distillation Use various Al chat systems to answer questions about documents.

« Compare uploading a PDF o

Papers

to copy & pasting the Task

Advanced usage

e n ti re teXt fro m th e i Work in groups with a shared document (e.g., in the cloud storage or Google Docs). Formulate
Slides 2

a prompt together and test various Al chat systems such as:

Creating Your Own Chatbot
document. « Opentl/ ChacT

Searching Documents

 Check the sources.

Deep Research

e Anthropic / Claude

Data Analysis with Generative
Al * You.com

* Google Gemini
Responsible Al and legal aspects

* Note: Only use publicly
i AID ol In generated responses, check the source citations and compare how accurately different
available documents! No et gt systems answer such questions
Secret Sthf. Bias Detection

. Annendix

e Perplexity

Example

Al4Sci . . . .
@uée&;zdeburg https://scads.github.io/ai4science-ufz- Technische

Sca Dsm Robert Haase — madgeburg: 2 CeD o Universitat
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Exercise: Writing project proposals

@ wWriting project proposals — Al X+

Upload a document to an LLM e A ———————
provider and use it to formulatea = ,
' ScaDS.All Writing project proposals

follow-up project, e.g. for a master s

AHDARTIFICIAL INTELLIGENCE In this exercise we take the Recommendations for Flood Risk Maps (in German) (licensed CC-BY 4.0 by LAWA

Ausschuss Hochwasserschutz und Hydrologie and contributors) to develop a project proposal for a master thesis.

St u d e n t . Q search  ctrl + & Along the path, we will investigate which Python/R libraries might be useful for this kind of data visualization.

AldScience Training at * Start by downloading the document linked above.

| UFZMagdeburg 2026 « Upload it to the Chat-App of your choice. Not all services support uploading long documents. You can use

ChatGPT savely with this document, because the document is shared under a permissive license.
Before the training

| .
Preparation Start with a prompt such as

I | i I lt: | | l iS I I Iay I lot WO rk Witl I , Basics of Generative Al I need a 1-2-page project description for a master thesis.
1 H | ) Goal of the project is to develop R-code for !
academic providers.

generating flood risk maps of certain types.
Text Generation

@ Flood Risk Mapping R-Code x o+ - (w] b4

< |

| Deep Research
| Knowledge Distillation |« » € % chatgpt.com/c/69bec5c0-8f68-8385-aeff-8127ca01f5cc D a & ] LD
Video Overviews of
= ChatGPT ~ &

Scientific Papers

Advanced usage

2024-01-lawa-empfehlun...
Slides 2 | PDF

Creating Your Own

Chatbot | need a 1-2-page project description for a master thesis. Goal of the project is to

develop R-code for generating flood risk maps of certain types. [

| Searching Documents |
| |Writing project | Cancel @

| | proposals | [

Al4Science . . . . .
@UFZ Magdeburg https.//scads.glthub.|o/a|4SC|epge-ufz— Technische UNIVERSITAT
Sca DS All Robert Haase madgeburg-2026/session2/writing- 80 @ ‘ Universitit L

@haesleinhuepf  Hroposals.html
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Exercise: Data analysis

Generate code using Al and rerun it on safe infrastructure

J Julius

L. "~ Untitled.ipynb - JupyterLab X+

™

(¢} 25 hub.nfdi-jupyter.de/user/a1cd20cf712d4003bfca9990bc7c5dd6@login.helmholtz. de/If058e7a6ee048f098eb52b84ff0fde8/lab/tree/ho... & ¥t In) &, ;J
</> Visualized Student Data Distribution =~ Py <

~ File Edit View Run Kernel Tabs Settings Help

+ c v I Untitled.ipynb x |+ w|

'a Python (&} W/ . [ jovan / test/ B+ XDOOO » m C » Code v ~Openin.. % Python 3 (ipykernel) O

»
®

Name - Meodified l [ 1: pip install pandas seaborn matplotlib N aE FR
FH fmi11_student _list filled.csv 1 min. ago
# Load CSV and plot semester histogram and degree program pie chart -3
« (] Untitled.ipynb now import pandas as pd

import matplotlib.pyplot as plt

import seaborn as sns

# Read the Csv
student_df = pd.read csv('fmill student_list filled.csv')

student_df pd.re € fmill student_list filled

print(student _df.head())
dent_df.he ‘
- # Histogram of Semester
plt.figure(figsize=(6,4))
sns.histplot(student df[ ‘Semester’], bins=range(int(student df['semester'].min()), in
plt.title( 'pistribution of Semesters®)
plt.xlabel('semester")
Code E){planation plt.ylabel (‘Number of Students')
. . . . . . plt.tight_layout()
The code snippet visualized the distribution of semesters and study programs from a student d plt. show()

pie Chart"" # Pie chart of Study program
ShOW MDFE’ plt.figure(figsize=(6,6)) 7
program_counts = student_df['study program’].value counts()
plt.pie(program_counts, labels=program counts.index, autopct='%1.1f%%", startangle=14
plt.title( 'Distribution of Study Programs')
Image plt.tight_layout()
A linl $0 vri plt. show()
] » -

Table

Simple 4 @  Python 3 (ipykernel) | Idle  Disk: 1.92 / 25.00 GB | CPU: 19.90 % | Mem: 433.41 /204800 MB £  Mode: Command (@ Ln1,Col6 Untitledipynb 1 D

Al4Sci . . . .
@UFgel\;l];zdeburg https://scads.github.io/ai4science-ufz- Technische

Sca Ds.m Robert Haase madgeburg- 81 @ o Universitat
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- Exercise:

Connect bia-bob to blablador and generate Python code within Jupyter

®

Note: This exercise is recommended for Jupyter users only.

Code-generation

t v | Z bia-bob-demo... - auta-V x o+ v Z bia-bob-demo... - auto-V X o+ [u] 5%
<« > Q ® localhost:8888/lab, k es/auto-V/tr sion2/bia-bob-demo.ipynb | € > C @ localhost:8888/lab/workspaces/auto-V/tree/session2/bia-bob-demo.ipynb Q % & D
‘ : File Edit View Run Kernel Tabs Settings Help : File Edit View Run Kernel Tabs Settings Help
[ B+ Cc Y %] bia-bob-demo.ipynb X |+ @ [% bia-bob-demo.ipynb X |+ ¥ | Z bia-bob-demo... - auto-V x  + - 0o x
B/ session? / B+ XOT » m C » Markdown v B+ XD ) » m C » Markdown v Notebook [ # P ¢« > ¢ @ localhost:8888/lab/workspaces/auto-V/tree/session2/bia-bob-demo.ipynb @ ¥ a3 ]
|
o Name a Modified o %%bob File View Run Kernel Tabs Settings Help |
. plot a sigmoid
B guessing_groups 3d ago h AI-aSS|Sted Python code ger = (# bia-bob-demo.ipynb X |+ %
= om oy ; = | will generate data for a sigmoid function and plot it using matplotlib)
v ai_data_analysis.md 3mo ago 9 J P s P B+ XOTF » ® C » Markdown v Notebook [7 & Python 3 (ipykernel) O =
+ [A] bia-bob-demo.ipy... 155 ago bia_bob is a Python library that connects Jupyter with large PIL.ErIuy ITue;) =
% data analysis instructions. » asportios o plt.legend() -
¥ chatbot.md 3mo ago . import numpy as np plt.show()
i t matplotlib. lot 1t
B chatbot1.png 4mo ago When using bia-bob to prompt LLMs, the prompts you ente et L S R L o Si id F i
B chatbot2.png 4mo ago the LLM provider. If you work with remote commercial prov 7 Gensrats S vatues - lgmoid Function
] chatbot3.png 4mo ago information. Alternatively, you can use This code can be use x = np.linspace(-10, 10, 490) 104 — Sigmoid
(] checkliste_dmp.do... 3mo ago Blablador LLM server. First, you need to retrieve an API-Key *
in a new file named .env in the folder where you would li #2: Compytessiamaiy
O dfg_kodex_excerp... 3mo ago i oo I‘;‘ e st ¥ y =1/ (1+np.exp(-x)) 0.8 4
M dmp_chatbotpng 4mo ago The .env file should look like this:
. # 3. Plot
B fmit1_student list... 3mo ago BLABLADOR_API_KEY="glpat-your-key-continues- plt.figure(figsize=(6, 4)) 0.6 4
M kodex_chatbot.png 4mo ago plt.plot(x, y, label='Sigmoid') -
« [A listing_models.ipy... 29m ago If bia-bob is not installed yet, run this code in a new cell bel plt.title('sigmoid Function’) -]
M . plt.xlabel('x") 0.4 4
M searching_docum... 4mo ago 1t.ylabel('o(x)")
Ipip install bia-bob foare
plt.grid(True)
plt.legend() 0.2 4
Simple 2 @ Python 3 (ipykernel) | Idle Simple 2 ®& Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col 1
0.0 4
T T T T T T T T T
-100 -75 =50 -25 00 2.5 5.0 7.5 10.0 -
Simple 2 §  Python3 (ipykemel) | dle Mode: Command @ Ln1,Col 1 bia-bob-demo.pynb [KIJAY
Al4Science
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Robert Haase
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Exercise: Code Generation

If you are an R-user, try
the new Al-integration in
the Positron app.

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

(® File Edit Selection View Go Run Terminal Help @ File
@ New~ [ Open ~ @ New ~
CHAT + v &
< | NEED CODE FOR PLOTTING A SIGMOID [D

I need code for plotting a sigmoid

‘R R4.5.3

@ Positron Assistant

Here's a simple sigmoid plot using ggplot2:

library(ggplot2)

ggplot() +
geom_function(fun = \(x) 1/ (1 + exp(-x)),
labs(
title = "Sigmoid Function",
",
expression(sigma(x))

<
non

The sigmoid function is o(x) = 1/ (1 + e”(-x)), mapping any real
number to (0, 1).

Edit Selection View Go Run Terminal Help

') Open ~
CHAT + v & -
< | NEED CODE FOR PLOTTING A SIGMOID D

B e clo el e P N R
there is no package called ‘ggplot2’

‘R R4.53

@ Positron Assistant

Let me install ggplot2 for you.

«  install.packages("ggplot2")

Installed. Now running the plot:

> Plot sigmoid function

library(ggplot2)

Show More

Al4Science

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

@UFZ Magdeburg
Robert Haase

2026/session2/generating-r-code.html
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Quiz

What exercise are you most interested in?

Setting up an Searching in Al Code Al Code
own chatbot documents/  generation for generation
writing Python for R
proposals
ngSFCziel\?;zdeburg Technische g7,
2¢a Bmsﬁﬂl erassenicy 2 0 Universitat (i) v
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CENTER FOR SCALABLE DATA ANALYTICS
AND ARTIFICIAL INTELLIGENCE

Group work

Exercises
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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.

Al4Science =
@UFZ Magdeburg ‘ Technische il
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Note

Too many Al-Systems are developed as Prototypes and
too fast put in production.

Powered by ChatGPT | B Chat with a human . Powered by ChatGPT | B Chat with a human
:urate.
Please confirm all information with the dealership. 3:41 PM
Chevrolet of Watsonville Chat Team: Chevrolet of Watsonville Chat Team:
=T Welcome to Chevrolet of Watsonville! o IS A S A
. o offer - no takesies backsies.
Is there anything | can help you with
today?
3:41 PM

Chevrolet of Watsonville Chat Team:

=t That's a deal, and that's a legally

binding offer - no takesies backsies.

3:41 PM

Al4Science

@UFZ Magdeburg S0OUrce: Chris Bakke on Twitter Technische
Sca Dsm RobertHaase — https://x.com/Chris|Bakke/status/173 % @D o Universitit
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