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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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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 .
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Large Language Models

Text-to-text,
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Retrieval-Augmented Generation for
Knowledge-Intensive NLP Tasks
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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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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,...
o000
Al4Science @UFZ Generated using gemma3:12b TECHNISCHE
Robert Haase Orearniesram source: v, e UNIVERSITAT
ScaDS. ANl enaesicinnueps garnig : UNIVERSITAT [FIPZIG
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. Exercise: Guessing Groups
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Show solution ‘ Reset Sustainable Ecotechnologies / Applied Microbial Ecology
Sustainable Ecotechnologies / Microbial Biotechnology
Sustainable Ecotechnologies / Molecular Environmental Biotechnology
/
/

Sustainable Ecotechnologies / Solar Materials Biotechnology
Sustainable Ecotechnologies / Systemic Environmental Biotechnology
Sustainable Ecotechnologies / Technical Biogeochemistry

Water Resources and Environment / Aquatic Ecosystem Analysis

Water Resources and Environment / Hydrogeology
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Retrieval-Augmented Generation

Enriching a prompt with context-specific knowledge base

/Query-Encoder\ /Documentindex\ / Generator \

\ 4

“What is Dr. Haase
responsible for in

A 4

the NFDI4Biolmage
project?” Comparis - N e Relevant documents Laut Seite 4 ist
Nk Dr. Haase

\ 4

“What is Dr. Haase verantwortlich
responsible for in far ...

the NFDI4Biolmage
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Al4Science @UFz  Image source: Moore et al. (2024), licensed CC-BY 4.0
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: ;J"'E mbeddings - Benchmarks

[ ]

Leaderboards geben Auskunft Gber Starken und Schwachen von Embedding-

Modellen
Rank (Bor.. Model Zero-shot Bitext .. Classification Instruction R.. Multilabel Class.. Pair Classificat..
1 gemini-embedding-exp-03-07
2 Ling-Embed-Mistral
3 gte-Qwen2-7B-instruct
» 4 multilingual-e5-large-
instruct
5 SFR-Embedding-Mistral
6 GritIM-7B

text-multilingual -

/ embedding-002

8 GritlM-8x7B

9 eb-mistral-7b-instruct

10 conesesenbaduititinsil N Grouping of texts of |4 _ Sorting of texts by

: e similar content relevance
Al4Science @UFZ
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Robert H 3 UNIVERSITAT
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Embeddings - Benchmarks

Leaderboards geben Auskunft Gber Starken und Schwachen von Embedding-

Rank (Bor.. Model Zero-shot Memory U.. Number of P.. Embedding D.. Max Tokens Mean (T..
1 gemini-embedding-exp-03-07 Unknown 3072 8192 - M- ml”lOﬂ
B: billion (Engl. billion)

2 Ling-Embed-Mistral 13563 7B 4096 32768 61.47
2} gte-Qwen2-7B-instruct 29040 7B 3584 32768 62.51

multilingual-e5-large-
4 . 1068 560M 1024 514 63.22

instruct
5 SFR-Embedding-Mistral 13563 7B
6 GritIM-7B 13813

Size of models
highly relevant

text-multilingual -

' enbedding-062 e The model is small

8 GritLM-8x78B g 4096 4096 60.49 enough to use itin

9 e5-mistral -7b-instruct Details of 4096 32768 60.25 compliance with data
. Ere—emljecl—multilingual— rﬁgr;ergeggézl] oa T e prOteCtion on my |aptop

unknown
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Chatbot Arena Leaderboard

~

(_

% Chatbot Arena (formerly LMSY: X +

»> C 25 Imarena.ai

% Chatbot Arena LLM Leaderboard

o Backed by over 1,000,000+ community votes, our platform ranks the best LLM and Al chatbots. Explore the top Al models on our LLM leaderboard!

L Chat now!

@, Expand to see the descriptions of 102 models

= Model A £ Model B

Worin ist die Universitat Leipzig besonders gut?

O

Die Universitat Leipzig gehort zu den dltesten und renommiertesten
Hochschulen Deutschlands (gegriindet 1409) und zeichnet sich in

mehreren Bereichen durch besondere Starken aus:

1. Forschungsschwerpunkte & Exzellenz

o Medizin & Life Sciences: Die Medizinische Fakultat ist forschungsstark,
besonders in Neurowissenschaften, Kardiologie und Onkologie. Das
Leipziger Forschungszentrum fiir Zivilisationserkrankungen (LIFE) ist
international bekannt.

o Geistes- und Sozialwissenschaften: Traditionelll

O

Worin ist die Universitat Leipzig besonders gut?

Die Universitat Leipzig, eine der dltesten Universitaten Deutschlands
(gegriindet 1409), zeichnet sich besonders in den Geisteswissenschaften

aus, mit starker Tradition in Philosophie und Germanistik. Sie genieft

O

auch einen ausgezeichneten Ruf in den Naturwissenschaften, vor allem in

Physik und Chemie. Weitere Starken liegen in der Medizin, Psychologie,

den Ubersetzungs- und Dolmetscherwissenschaften sowie in den

Wirtschaftswissenschaften. Das Max-Planck-Institut flir evolutionare

Anthropl

O

ScaDS
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®
v “  Chatbot Arena (formerly LMSY: X + — (m] b
4« = € % Imarenaai/?leaderboard w0 A
. a
?:gl)(* A ?:zl;lectrl) + Model A g:z:: 4 95% CI +» \Votes 4+ Orxganization License A I
1 1 Gemini:2.5-Pro-Preview-05:06 1 v | S ChatbotArena (for}ﬁérly Mgy x +7 - B = ﬁ p
2 1 03-2025-04-16 1 ¢ > €@ % Imarenaaifleaderboard b d 3 B I
2 2 ChatGPT-40-latest (2025-03-26) Category Apply filter German Prompts -
2 5 Grok-3-Preview-02-24 I German vI S Contie ShawDeprecaisd #models: 185 (79%) #votes: 84,570 (3%)
a 3 §PT:4.5:Preview : N
4 5 Gemini-2.5-Flash-Preview-04-17 ?:;;‘* + Delta 4+ Model A :Z::: 95% CI + Votes 4+ Organization License A I
7 6 DeepsSeek:-V3:0324 1 0 1442 +43/-36 187 Google Proprietary
|

7 5 GPT-4.1-2025-04-14 1 3 GPT-4.5-Preview 1428 +24/-18 540 OpenAl Proprietary |
8 7 DeepSeek:-R1 1 1 ©03-2025-04-16 1426 +37/-38 248 OpenAl Proprietary
8 5 04-mini-2025-04-16 1 1 ChatGPT-4g-latest. (2025-03-26) 1419 +30/-28 207 OpenAT Proprietary
9 15 Gemini-2.0-Flash-001 1 1 Grok-3-Preview-02-24 1410 +27/-21 478 xAT Proprietary
10 7 01:2024-12-17 1 6 DeepSeek-V3-0324 1387 +28/-33 306 DeepSeek MIT
10 14 Qwen3-235B:A228 1 6 GPT-4.1-2025-04-14 1379 +41/-28 242 OpenAl Proprietary
‘12 16 1 9 Qwen3-235B-A228B 1366 +47/-39 166 Alibaba Apache 2.0

4 4 DeepSeek-R1 1364 +25/-25 640 DeepSeek MIT

4 [¢] Gemini-2.5-Flash-Preview-04-17 1353 +36/-43 213 Google Proprietary

4 4 04-mini-2025-04-16 1347 +43/-37 207 OpenAT Proprietary

A ke Lamini-? A-E1 h-Qn1 1241 +19/-21 291 Lonala Proanriatary hJ
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Language models for text analysis
Robert Haase
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Information extraction

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

Al4Science @UFZ

I TECHNISCHE
Robert H H
Sca DS.AI @Ohaeersleiiiieepf 15 UNIVERSITAT

DRESDEN LEIPZIG December 2025 DRESDEN
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Information extraction

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
Robert Haase
@haesleinhuepf

December 2025

N

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

@ | UNIVERSITAT
5 | LEIPZIG

TECHNISCHE
16 @ UNIVERSITAT
DRESDEN



Hi Peter and Robert,

Information extraction e

Cheers,
Tanja

Even incomplete information is
o« e > Peter wrote:
often sufficient. s

> Hi Robert,
>
Prom pt- > |'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
TOday IS Fr|day, March 21st. Provide > and write the two new proposals. So I’d prefer to keep the meeting brief, and |
the first possible date for the meeting. > can only do Thursday. On Friday
. > |'m on vacation.
Be extremely brief. .
> Best regards,
i > Peter
{email} ’
>
>> Robert wrote:
>>
>> Hi Tanja and Peter,
>>
O UtPUt' >>When would you have time for a meeting? | could do next week on Thursday
Thursday, March 27th, from 1 pm onward. >>and Friday from 1 pm onward.

>>
>> Best regards,
>> Robert

Srarmnte | UNIVERSITAT
( LEIPZIG

Al4Science @UFZ
TECHNISCHE
Robert H n
Sca DS.AlI Ohesicnhuent 17 UNIVERSITAT
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Advanced Prompt-Engineering

 Reflection: Provide the output of the LLM to itself to improve its own text.

« Hint: Start a new discussion, especially in long interactions.

Start a new chat

Write a _
document about \;Vrzlff:isssipr)wzcitns
tTopic this document
about {Topic X} ?
,| {Document}
Manual

modifications

Al4Science @UFZ

—I TECHNISCHE &7t

Robert H wr (e snie | UNIVERSITAT
Sca DS.AI @Ohaeer5|6i?1?11eepf 18 UNIVERSITAT /e | LEIPZIG
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Language models for data anlysis
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Can LLMs solve real-world GitHub issues?

Published as a conference paper at ICLR 2024

SWE Bench (full)

35 1 SWE-agent 1.0 (Claude 3.7 Sonnet)
SWE-BENCH: CAN LANGUAGE MODELS RESOLVE
REAL-WORLD GITHUB ISSUES? 30 - .OpenHands + (odeAct v2.1 (claude-3-5-sonnet-20241022)
CarlosE. Jimenez **  John Yang''?  Alexander Wettig? 25 - gutoCodeRov pr-v2.0 (Claude-3.5-Sonnet-20241022)
Shunyu Yao'®  Kexin Pei’  Ofir Press'?  Karthik Narasimhan'?
"Princeton University  “Princeton Language and Intelligence  *University of Chicago he) 20 4
g & WE-agent + Claude 3.5 Sonngt
o
v
[
SWE-bench g O
& & WE-agent +GfT 448k08)GPT 40 (20201-05-13)
Model % Resolved oL APP]F ol &WE-agent + Claude 3 Opus
Claude 3 Opus 3.79 46.56
Claude 2 1.97 43.07 =) RAG + Claude 3 Opus
G + Claude 2
ChatGPT-3.5 0.17 26.33 BAG + EMldlama g + 7T 4 (1109
GPT-4-turbo 1.31 26.90 " -
SWE-Llama 7b 0.70 51.74 o)p N@, Ng, I
v v v v <V Vv Vv v Vv
SWE-Llama 13b 0.70 53.62 F P FLESES S
Date
Al4Science @UFZ Source: Jimenez et al (2024), Plot data source: TECHNISCHE <6
Robert Haase ; . e iiamnie | UNIVERSITAT
Sca DSA'I @haesleinhuepf licensed C(;—BY 4.0 https://www.swebench.cono @ UNIVERSITAT | EIPZIG
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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
Al4Science @UFZ . . . Tk
ScaD$S A_|| Robert Haase Source: Daniotti et al (2025), licensed CC-BY 4.0 @ JRCANSCHE 20 universmar
haesleinhuepf . w28 | LEIPZIG
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Large-Language Models for Data

Analysis

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

Analysing images using ChatGPT ——

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

the image”

Al4Science @UFZ

ScaDS.ANll e

DRESDEN LEIPZIG December 2025

{:“(, ChatGPT image = io.imread(

Original Image

0

blue channel = image[:, :, 2]

100 100

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(
ax[1].imshow({label image, cmap=

ax[1].set_title(

plt.show()



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
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Benchmarking LLMs for Bio-ima

Use-case: compute the correlation matrix

label maximum

0 1 143.0
1 2 113.0
2 3 130.0
3 4 129.0
4 5 149.0
5) 6 142.0
6 7 148.0
7 8 152.0
8 9 137.0
9 10 163.0
10 11 175.0
11 12 127.0
12 13 160.0
13 14 123.0
14 15 175.0

mean

117.489451

83.052219

108.930403

94.576991

119.454545

124.947368

124.129964

103.128120

83.685407

135.924832

98692044

76.991909

130.877049

112.602410

123.444924

median minimum
117.041016 93.0
82.177734 65.0
108.076172 92.0
93.134766 70.0
119.033203 89.0
126.005859 104.0
124.013672 99.0
99.111328 740
79.189453 59.0
136.962891 99.0
92.138672 59.0
72216797 54.0
129.990234 109.0
112.060547 103.0
121.025391 83.0

sigma
9.489786
9.699808
7.557057
11433116
12.017958
10.544100
11.807226
18.019024
16.856217
13.564650
25.488803
16.391926
10.845245
4.444618

18.915416

sum

278450

31809.0

29738.0

53436.0

32850.0

11870.0

34384.0

61980.0

69961.0

101264.0

115371.0

47581.0

63868.0

9346.0

57155.0

variance

90.056032

94.086271

57.109109

130.716136

144.431321

111.178052

139.410584

324.685225

284.132050

183.999719

649.679055

268.695234

117.619349

19.754628

357.792956

elongation feret_diameter

1.228690

1.325096

1565911

1.227027

1.429829

1.196911

1137575

1373404

1.205095

1.169756

1.201427

1.272889

1.143453

2025953

1.339038

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

8.774964

13.152946

12.884099

14.352700

10.723805

9.273618

13.114877

14.866069

14.456832

14.730920

16.911535

15.066519

13.152946

9.110434

13.892444

ge Analysis

label maximum mean median minimum sigma sum variance elongation feret_diameter
label EEECVVVREEIEECIESCEY P I CEYA R MR PEEN -0.136779 -0.170934 -0.134539  -0.014857 0.105859
maximum ECEEER) Il R PR EER SO ETAERS 0577706 0.576118  0.522637 0.563160  -0.028076 0.144944
mean [EUGEY PR PE ST R N RE R FOEY AR VDN 0.040456  0.157387  0.052848 0.122359 -0.173872
median EVCEFAEEERNVEFAECRERREF{C) BN RO PER CER -0.013701 0.111119  -0.002710 0.133479 -0.205403
minimum ESSPEE] (VEYFFON 0918750 0.928168  1.000000 =0:317573 ERUNEYEZER=0.273480 0.217240
sigma -0.136779 0576118 0.040456 -0.013701 & t=-hvivcl WGl o0 cc-Chic BERLEE -0.250655 0.436449
sum -0.170934 0522637 0.157387 0.111119 -0.057844 = ¢ -ttco EERGLLbR 0.602559  -0.074555
variance -0.134539 0.563160 0.052848 -0.002710 = == EOCECLELE  0.602559 ERNL0E -0.191963 0.370870
elongation -0.014857 -0.028076 0.122359 0.133479 0.217240 -0.250655 -0.074555 -0.191963 1.000000 0.184445
feret diameter 0.105859 0.144944 -0.173872 -0.205403 0.436449 0.370870 0.184445
%/
N\ ]
o R © NS
! Q N
e SO Fo N & & N
§ Y & M . & O
¢ & vQ & Q“ W@ 2 '\° S
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Benchmarking LLMs for Bio-image Analysis

Use case: Open a zarr file

bi.zarr mp

U . _ 1 O . \QO' OQ\‘;’ & {Qo'
nit-test pass-rate (n=10): Lo S S O >
@ b‘l& W X X O;’) ' .\,Q \’D(Q
@ F Y L S & P
2 v C 2 Q
&?i\ Qor& Qq’ Q& QO,\'\ QOQ’ &
open_zarr 0.0 0.0 0.0 0.2 0.0
i https://www.biorxiv.org/content/10.1101/2024.04.19.590278V1 —
Al4Science @UFZ ! q
I Robert Haase https://github.com/haesleinhuepf/human-eval-bia )8 TECHNISCHE ,f 2  UNIVERSITAT
SCBDS.N @haesleinhuepf Data Source: https://www.ebi.ac.uk/bicimage- UNIVERSITAT @by | LEIPZIG
DRESDEN LEIPZIG December 2025 archive/galleries/S-BIAD634-ai.html DRESDEN -
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Benchmarking LLMs for Bio-image Analysi

Summary: 57 use-cases (yet), 24 LLMs (yet), n=10

reference

| opon_in_maye )0 G O [10110la7jEuslosloe] e

ratum hello worl

|

claude-3-5-sonnet-20240620

T ] ttest

bland_altman

gpt-40-2024-08-06

pait_wise_carrelalion_mali
creale_uimap
combine_columns_of_tablc:

01-mini-2024-09-12

gpt-40-2024-05-13

gpt-4-turbo-2024-04-09

claude-3-opus-20240229

gpt-4-1106-preview

gemini-1.5-pro-001

gpt-40-mini-2024-07-18
deepseek-coder-v2

llama3-70b-instruct-q8_0

llama3-70b-instruct-q4_0

gpt-3.5-turbo-1106

gemini-1.5-flash-001

codegemma-7b-instruct-fp16

mixtral-8x22b-instruct-v0.1-g4_0

mixtral-8x7b-instruct-v0.1-g5 0
phi3-3.8b-mini-instruct-4k-fp16

codellama-70b-instruct-g4 0
gemini-pro

mistral-nemo
llama3-8b-instruct-fp16
command-r-plus-104b-q4_0
codellama

0

Pass rate

I I I Iahel sequentially
maximum_intensity_prajectior
Fanspose_image_sxes 0103 02[E 02 02[
— I — eeonte e o oo BN 02 0+ 05 gAMb
labol_binary_image_and_count_labels 08
I T — fi_circle
convex hul messure srea
| T measure_mean image_intensity
F—
X o1 00 0203 020100018801 00
[ | [ —— warkllow_segmentalion_measurement_surmimary ] R o0 01 w3 R 104 0 01 10004 01
calint_overapping_regions 0.7
remave labels on edges
crop_guarier_image 4 0
[ T — racial_inlansily_profis 1 [0 B8 [EE 00 0.1 00 00010101 0001 00 [ oe
binary_skaleton B 0203 0.2 03 0.1 0.0 [ 0.0 02 0.0 0.1 00 02 0.0 0 01
, rotate_image_by_%_degroc: 302 02 @0 o1 o1 (o1 01 02 0204
S — ! I p—————— D09 050102 00 @1 09 1000560 00 1001 00
messure_intensity_cver_fime BRI 04 .1 [ 0.2 [04 0.1 0.0 04 02 0.0 0.3 0.2 0.0 0.3 0.0 0.0 0.1 [ 01
| | { workfiou_ssgment_measura_umsy [nalor| 030001010000 0000000200000000
sum_nlensily_projecior 000000010701 000001010200 00 0.1
1 N measure_properlies_ol_ragions 0200010000 0.0 0401
L | 1 convalve_image: A(0:4 0,104 02 5 0.1 0.1 00 0.1 040.2 0.1 00 0.1 02 00 0.0
ol _bateh_process_fokler_measure_intensity 0.0 0.0 0.0 00 0.0 0.0 0.6 0.0
| [ | ] subtract_background_tashe 030200030001040020001000001020600
measura_intansity_of_labels QIR 0.0 0.0 0.2 0.2 0.4 54 0.1 [ G4 [ 0.1 0.1 0.0 0.2 0.0 0004 0.0 04 00
I I 1 . measure_aspact_ralic_ol_region: 0200 I'I[!ml)dmﬂﬂ 01020201 0104010000 000000000000 04
I 1 open_zan 0.0 0.1 4] 01 (A 00 0.1 00 0.1 01 00 0.1 02 00 0.0 08 Do
count_number_af_touehing_neighbors 0020003000001 0.10000000000000000000000
| I } | measure_pixe|_caunt_of_labels 30000000200 @00 o102 00 0.1 0005 0.1 02 040001 0.0 06 00
mask_imag 020403103 00 0.2 00 0.0 02 0.2 02[H 00 0.0 01 00 01 0.0 0001 0.0 08 0O
s workflow batch process folder count label 0.0 000,100 00 0,000 0,000 0.0 08 0.0
[ - P 50070000 010,00 0000 01 10 00
Lilesd_image_processin 1000200010001000001 UTmmUU 00000000 0000010000800
| | I { O O o mean_std_colurnn 20000 0.0 0.0 08 0.0 0.0 0.0 0.0 0.2 D3 0.0 00 0.0 0.0 0303 0.0 0.0 00 02 02 0.1
map_pixel_caunt_of label 0000000 000000000100 0083000101 0002020001000 0.1
_ 1 O o O region growing segmentation 010000030000010.10000000000000000000.00000
! expand_labels_ithout_oveday 0000000010001 000800 0000000000000 00 Y
workflow_walarshed_ssgmenialion_coraction_maasuremen EOA 0101 0.0 0.0 6.2 0.0 00 00 0.0 0.0 01 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 00
I I : J o lisl_image_likes_in_luider 001000100000200000007 01 000000010001 0400004000000
sum_images 000000001 0000000000010, 000000 0101 000000000101
: 4 O O O O o apply_otsu_threshold_ane_count_postiive_pixcls 000010.000000001000000000000[ 0000 00010040.00200
apen_image_return_imension: 00000 0.0000000000000000000010.0010300020200400 0801
b _to_qrey_image transform 0000100 0. 0.0 000001 000.0 0001 0004 0.0 00 0.1 0.0 0.0 0.0 0.0 0 D1
I:|_| O O O O O O O ramovs_noiss_adge_pressrin 000000000807 00000.000000000000800 0000000000 000800
dulon_sdga: 000000.00000000000000.0000.1 00000100 000000000008 00
: 1 O O O doconvolve_imag; 00001 0.0 000000 000000000000 0000 0.0 0000000000 0.0 00 0o
open_image_read_voxel_sze 00000000000 00000000000000000000 0000 000000000800
RUACT_Suace_Measure_are: 00000 0.0 0000 000000000000 00000000 000000 0000 0.0 0 00 oo
s s B o) o) e i SR
FE22832 35 EYESETIOTYZ
Em— O o O SEEETE AR RN REERat NIt
IS SRR RS REEREE SRR RS R R
9 T2 0 TR EEASE GG E T £
ESffesTEEiiigrrEila 2
FRIeso FEIECREEREIE LR i
0 0.4 0.6 0.8 1.0 AR ERAEAI LA PR A I
. . . . - § g3 ] £ 23545 2
- 5 = g & 7 z £
] L 5 8

Al4Science @UFZ

ScaDS.AIl St

DRESDEN LEIPZIG December 2025

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1

https://github.com/haesleinhuepf/human-eval-bia

TECHNISCHE
29 UNIVERSITAT
DRESDEN

UNIVERSITAT
LEIPZIG



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

Quiz: Is it a good idea to upload my own

research data to a commercial LLM / cloud
provider?

Yes No Yes, but ...

[
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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 @UFZ =
. : TECHNISCHE <%
Robert H . = Aeanis | UNIVERSITAT
Sca DS.AlI @haesleinhuep https://julius.ai 3 UNIVERSITAT &7 1 (Banc
DRESDEN LEIPZIG December 2025 DRESDEN g



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

UNIVERSITAT
LEIPZIG

Al4Science @UFZ
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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

Al4Science @UFZ
Robert Haase
@haesleinhuepf
December 2025
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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 | Untitedipynt - Jupyterlab * - 8 S
. . o . — € 5 C % hubnfdijupyterdefuser/.. & ¥ £ & @D
¢</> Visualized Student Data Distribution t ¢ v = Untitled.ipynb X |+ = _
(O M > m G o Cod . Z File Edit View Run Kemel Tabs Settings Help < @
+ - | _—
®m/ ... /jovyan [ test/ 9 X D ode 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()) o : 3 s
Semester
# Histogram of Semester Distribution of Study Programs
P RSl (5r ) | 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 Pﬁ*ighhla‘w“() ‘
ALl e e Aol te e ALl e e pLt.show
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 @UFZ T .
.
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Al systems for coding

The number of [agentic]

macbook$% aider demo.py
Added demo.py to the chat
Using git repo: .git

function to

and the

1B File Edit Selection View ot « 5 BioimageAnalysisNetebooks
D L P g v B brightness_and_contrastipynh (M ® & my_librar.py @

BIOIMAGEANALYSISHNOTEBOOKS d d ®
. 1 def wuzzle(number):
7 return math.sqrt(number * 1.2)

1 Calculate the square of a number

Parameters

return

int or float
21 The square of the input number

TIMELINE 23 return number * number

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

v . Untitled.ipynb (auto-z) - Jupyt= X
« c @ localhost:3888/lab/w

File Edit View Run Kernel Tabs

=

-

haase

[« I |

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

abjects

E

@ Jupyternaut

Certainly! To segment and count

o

bright objects in an image like

X Pmaint Cum @ohio Wo

https://www.cursor.com/

v @ Find and fix a bug in codebase X -+
< C 2% chatgpt.com/codex/tasks/ta:

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

e

Pick a part of the codebase that seems
important and find and fix a bug.

https://chatgpt.com/codex

Al systems for coding is exploding

Ln9.Col1 Spacesd UTF-B CRLF (4 Python 3.12.4 (base: conda) Curorab

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

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.
2ges generated by arfificial intelligence. Used model: claude-3-5-
2t-20240620, endpoint: None, bia-bob version: 0.21.0.. Do not
r private information and verify generated contents according to good scientific practice. Read

hub, com/haes|einhuepfy bia-bob#

https://jupyter-ai.readthedocs.io/
Al4Science @UFZ
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code

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

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/
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Al systems for coding

Some of these tools
can be configured to
work with Helmholtz Al

Blablador.

ScaDS.AIl
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Data
protection
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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

+

2% 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

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)

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.

Q, Search

Table of contents

Visual Studio Code (VSCode)

Prerequisites

Steps
Sublime Text

Prerequisites

Steps

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

@haesleinhuepf

juelich.de/ai/guides/blablador_on_vscode/
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Large-Language Models for Data Analysis

Learn more... [shameless self-advertisement]

nature computational science

Explore content ¥ About the journal ¥  Publish with us v =  E3Youlube DE

Search (@}

nature » nature computational science » correspondence > article

Correspondence | Published: 27 March 2025

Towards transparency and knowledge exchange in Al-
assisted data analysis code generation

ScaDS m

DRESDEN LEIPZIG
Robert Haase & i

bioRyiv
l o x l Nature Computational Science (2025) | Cite this article

Funded by

Large Language Models for ® |t
und Forschung
RS N S 235 Accesses ‘ 16 Altmetric | Metrics Bio-|mage Ana|y5|s nd
Robert Haase e
New Results A Follow this preprint
Living Lab . -
ScaDSAll et sewestee (G EIESN (@)]sss

Benchmarking Large Language Models for Bio-lmage Analysis Code Generation

Robert Haase, ' Christian Tischer, " Jean-Karim Hériché, \ Nico Scherf :
doi: https://doi.org/10.1101/2024.04.19.590278 Lecture: #24 Large Language Models for Bio-image Analysis - ScaDS.Al Dresden/Leipzig

This article is a preprint and has not been certified by peer review [what does this mean?]. m 3S:Sas[ji-cﬁlel;iving Lab @ I{b 15 q d> Share i Download §< Clip
Al4Science @UFZ https://www.nature.com/articles/s43588-025-00781-1
—I Robert Haase https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3 . TECHNISCHE UNIVERSITAT
S Ca D S Al @haesleinhuepf https://www.youtube.com/watch?v=9dtVIVwk2eg&list=PLZkHu66nUK_5 UNIVERSITAT LEIPZIG
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Exercises
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Group work
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Exercise: Create a chatbot

@ Creating Your Own Chatbot — X +

Create your Own ChatbOt On °s  scads.github.io/aidscience-ufz-2025/session2/chatbot.html a ¥ 3 Y
a topic of your choice: e Oy BaE |

. Professional ethical guidelines ~ ScaDS.AIll | Creating Your Own Chatbot

. DRESDEN LEIPZIG
fo r pSyC h O | Ogl StS | CENTER FORSCALABLE DATA ANALYTICS In this exercise, we will instruct a chatbot so that the system can answer questions regarding a
| AND ARTIFICIAL INTELLIGENCE

specific topic. We can then compare the system with existing chatbots on the same topic.

¢ Use Of Generative AI Al4Science Training at UFZ

o . 2025 The Task
« Guidelines for ensuring good - . | | |
Before the training Write a system prompt as described below and start a chat. Ask questions from the given

SC | e ntlfl C p ra Ctl Ce 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

. i Basics of G ive Al Practice write cooking recipes? Can a chatbot specialized in data management plans also
« Checklist for handling research  Besicofceneratie g recip - gement o

) provide information about regional excursion destinations?
d ata Slides@

Text Generation

Deep Research HOW to DO It

Xy Knowledge Distillation
For the chatbot to act as an expert in a domain, the system needs appropriate instructions

Video Overviews of Scientific
5 and detailed information - a knowledge base.
apers

You are a polite and helpful assistant who can help with questions on the topic <TOP

Advanced usage
Ve b +h F£allamwina infarmatinnm 1wuailahlae

Al4Science @UFZ

% UNIVERSITAT
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Robert Haase https://scads.github.io/aidscience-ufz- . TECHNISCHE
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Exercise: Search through documents

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

o o &« - C 2% scads.github.io/aidscience-ufz-2025/session2/searching_documents.html Q vy "} R }j :
known information e e
Slides &2 = O & I & Q=
Text G ti .
« Check the sources. S 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 nti re text fro m th e y 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

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

. Annendiv v

e Perplexity

Example

Al4Science @UFZ

—I Robert Haase https://scads.github.io/aidscience-ufz- 0 TECHNISCHE
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Exercise: Data analysis

Generate code using Al and rerun it on safe infrastructure

J Ju|| us v~ Untitled.ipynb - JupyterLab x  +
< c 25 hub.nfdi-jupyter.de/user/a1cd20cf712d4003bfca9990bc7c5dd6@login.helmholtz. de/If058e7a6ee048f098eb52b84ff0fde8/lab/tree/ho... & ¥t In) ‘i, ;J
</> Visualized Student Data Distribution —_ _ i
~ File Edit View Run Kernel Tabs Settings Help 1) < la
= +t c v [®] Untitled.ipynb X |+ %
'a Python (&} B+ XDOOO » m C » Code v ~Openin.. # Python 3 (ipykernel) O =
&/ .. /jovyan/test/
o a
Name - Medified 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
o student_df = pd.read csv('fmill student_list filled.csv')
print(student _df.head())
# 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))
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')
Table Image Image plt.tight layout()
Click to vie Click to vie Click to vie plt. show()
CAICK 1O vie CAICK 1O VIE UIICK 1O Vie n 5 B

Simple 4 {8  Python 3 (ipykernel) | Idle

Disk: 1.92 / 25.00 GB | CPU: 19.90 % | Mem: 433.41 / 204800 MB £  Mode: Command

9

Ln1,Col6 Untitledipynb 1 [\

Al4Science @UFZ
Robert Haase
@haesleinhuepf
December 2025
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Feedback round

What worked well worked? What did not?

Al4Science @UFZ
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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
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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:
_ . =g Understand. And that's a legally bindin
=5 Welcome to Chevrolet of Watsonville! ) ] gally 9

. . offer - no takesies backsies.

Is there anything | can help you with

today?
3:41 PM
Chevrolet of Watsonville Chat Team:
=g

That's a deal, and that's a legally
binding offer - no takesies backsies.

3:41 PM

Al4Science @UFZ

Robert H Source: Chris Bakke on Twitter TECHNISCHE
Sca Ds.ml @Ohaeerslei?wisueepf 44
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