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Large Language Models (LLMs)

Text-to-text, translation
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Embeddings

N-dimensional vector space representing... a word, sentence, text, ...

def embed(text, model="Qwen,/Qwen3-Embedding-4B"):
import os

from openai import OpenAl 1

client = OpenAl(base url="https://llm.scads.ai/v1", Con neCtIng to

api_ key=os.environ.get('SCADSAI API KEY')) the server
response = client.embeddings.create( Sme|tt|ng a NEVER Submit
input=text, . .
rodel=model prompt confldent!al,
) secret or private
return response.data[@].embedding information!
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Embeddings

N-dimensional vector space representing...

def embed(text, model="Qwen,/Qwen3-Embedding-4B"):
import os
from openai import OpenAl
client = OpenAl(base url="https://llm.scads.ai/v1",
api_ key=os.environ.get('SCADSAI API KEY'))

response = client.embeddings.create(
input=text,
model=model

)

return response.data[@].embedding

a word, sentence, text, ...

L —

embed("hello world")
len(v)
v[:5]

[0.6001830213570887381,
-8.082199789229171276,
8.811862305524296379,
8.833859358216060914 ,
0.68005146571202203631 ]
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Embeddings + Dimensionality reduction

... simply because we cannot display 2560 dimensions on a 2D screen.

PCA of text embedding PCA of text embedding
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Embeddings + Dimensionality reduction

... simply because we cannot display 2560 dimensions on a 2D screen.

PCA of text embedding PCA of text embedding
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Embeddings

Just for fun, I took all Leibnitz MMS institutes and generated PhD thesis
topics that could be done at these institutes. Then, | generated
embeddings for them.

TSNEO TSNE1 UMAPO UMAP1 embedding name research_field selection topic
_ . . Digital Archives,
[0.019196026027202606, Taylor FIZ-KA - Leibniz-Institut far i
0 2548442 8969955 -1.020463 9.660064 . 1 Embodied Knowled
0.010897933505475521, -... Reed Informationsinfr.. Misslise e s es
and the ...
_ . . Microbial Secondary
[0.016622617840766907, . . HKI - Leibniz-Institut flr .
1 -12.006737 -13.473205 1.419240 6.479001 -0.009818249382078648, . Riley Jain Naturstoff-Forschun... 1 Metabolltes‘ and
Narrative:...
[-0.016480615362524986, Taylor IOR - Leibniz-Institut far Spatial Imaginaries of
2 -10.385350 12.543368 4.321546  4.795953 : 1 : .
0.014093692414462566, ... Adams okologische Raument... Ecological Transition: ...
[0.008821303024888039, Devon IWM - Leibniz-Institut fir Algorithmic Storytelling
3 8.713301 -10.254994 0332513 10496520 0.005257884040474892, -... Thomas Wissensmedien, Tibi... and the Evolution of ...

MFN - Museum flr .
[-0.02530881017446518, o The Literary Ecology of
4 -12.952323 3.004944  2.245961 3.266387 0.004650192800909281, .. Alex Lee Naturkunde _|rL,z$EItZ_ 1 Scientific lllustratio...
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Quiz guessing Institutes
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Using LLMs in Python

def prompt_scadsai llm(message:str, model="meta-llama/Llama-4-Scout-17B-16E-Instruct"):
""U"A prompt helper function that sends a message to ScaDS5.AI LLM server at

ZIH TU Dresden and returns only the text response.

import os

# convert message in the right format if necessary

if isinstance(message, str):

message = [{"role": "user", "content™: message}] Data Wrangling
# setup connection to the LLM
client = openai.OpenAI(base url="https://llm.scads.ai/v1", Connecting to .
api_key=os.environ.get("SCADSAI_API_KEY') the server NEVER submit
) confidential,
resp:zz:lzmz;iint.cha‘t.completin:mS.create{ Subm|tt|ng 3 Se'Cret or pr|Valte
messages=message prom pt |nf0rmat|0n.

# extract answer

return response.choices[8].message.content
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Using LLMs in Python

prompt_scadsai_ 11lm("Hi!")

"How can I assist you today?’

prompt_scadsai_llm("What is the meaning of life?")

"A question that has puzzled philosophers, theclogians, and everyday people for centuries! There is no one definitive answer, as the meaning of life can
vary greatly depending on individual perspectives, cultural backgrounds, and personal experiences. However, here are some insights and perspectives that
might help:\n\n**Philosophical perspectives:**\n\nl. **Hedonism*#*: The pursuit of happiness and pleasure is the primary goal of life. (Epicurus)\n2. **E
udaimonism**: Living a virtuous life, cultivating one's character, and achieving human flourishing is the key to a fulfilling existence. (Aristotle)\n3.
**Existentialism®**: Life has no inherent meaning; individuals must create their own purpose and meaning through their choices and actions. (Jean-Paul Sa
rtre)\nd. **Stoicism**: The focus is on living in accordance with reason, accepting the present moment, and cultivating inner strength and wisdom. (Epic
tetus)\n\n**Religious and spiritual perspectives:®**\n\nl. **Christianity**: The meaning of life is to love and serve God, and to follow Jesus Christ's t
eachings to achieve salvation and eternal life.\n2. **Buddhism®**: The goal is to attain enlightenment (Nirwvana) by following the Eightfold Path, letting
go of attachments, and cultivating mindfulness and compassion.\n3. **Islam**: The purpose of life is to submit to Allah's will, follow the Quran and the
Prophet Muhammad's teachings, and strive for spiritual growth and self-improvement.\n\n**Scientific and evolutionary perspectives:**\n\nl. **Biological

imperative**: The primary drive of life is to survive, reproduce, and pass on genetic information to future generations.‘\n2. **Evolutionary purpose®*: T
he meaning of life is to contribute to the continuation and evolution of the species, ensuring the survival and adaptation of humanity.‘\n\n**Personal an
d subjective perspectives:**\n\nl. **Self-actualization**: The meaning of life is to realize one's full potential, pursue one's passions, and become the
best version of oneself. (Abraham Maslow)\n2. **Relationships and connections*#*: Life's purpose is to form meaningful relationships, build community, an
d experience love and connection with others.\n3. *#*Personal growth and learning**: The journey of life is about continuous learning, self-improvement,

and exploration.‘\n\nUltimately, the meaning of life is a highly subjective and personal question. What gives life meaning for one person may not be the

same for another. It's up to each individual to reflect on their walues, beliefs, and experiences to find their own purpose and significance.\n‘\nWhat do
you think? What gives your life meaning?"
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Large Language Models (LLMs)

Text-to-text, translation, code generation

. SooZ = X7 from skimage.10 import imread
Open hela-cells.tif R . . 3 .
. RN image = imread(“hela-cells.tif”)
English
Python
Published as a conference paper at ICLR 2024
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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 30 .OpenHands + (odeAct v2.1 (claude-3-5-sonnet-20241022)
REAL-WORLD GITHUB ISSUES? | ' e
CarlosE. Jimenez' > John Yang''*  Alexander Wettig"? 25 - gutoCodeRov br-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
7]
SWE-bench e
& & WE-agent +GfT 448k08)GPT 40 (20201-05-13)
Maodel % Resolved o APP]F ol ‘SWE-agent + Claude 3 Opus
Claude 3 Opus 3.79 46.56
Claude 2 1.97 43.07 5 - RAG + Claude 3 Opus
G + Claude 2
ChatGPT-3.5 0.17 26.33 | SR lamaghie + GPT 4 (1106)
GPT-4-turbo 1.31 26.90 L e
SWE-Llama 7b (.70 a51.74 q\} N@, NQ": Ng: NQ’\ Noq N\;, 69» q@,
JV 4% 4% 4% JV JV 4% JV JV
SWE-Llama 13b 0.70 53.62 LSS 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
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Analysis

Image Analysis using Large-Lang

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

Analysing images in the browser, e.g. using Chat ([ ————"m—

{:“(, 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(=})

0 100 200 300 400 500 600 0 100

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})

image. [»-) ax[0].imshow(image}
ax[0].set_title(

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

Bio Image Analysis ax[1].set_title(
Sca DS AI Robert Haase ;
. plt.show()
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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
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Benchmarking LLMs for Bio-ima

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 9.489786 278450 90.056032 1.228690 8.774964
1 2 113.0 83.052219 82.177734 650 9.699808 31809.0 94.086271 1.325096 13.152946
2 3 130.0 108930403 108.076172 920 7557057 297380 57.109109 1.565911 12.884099
3 4 129.0 94576991 93.134766 700 11433116 53436.0 130.716136 1.227027 14.352700
4 5 149.0 119.454545 119.033203 89.0 12.017958 32850.0 144.431321 1429829 10.723805
5 6 142.0 124947368 126.005859 1040 10.544100 11870.0 111.178052 1.196911 9.273618
6 7 148.0 124129964 124.013672 99.0 11.807226  34384.0 139.410584 1.137575 13.114877
7 8 152.0 103.128120 99.111328 740 18.019024 61980.0 324.685225 1.373404 14.866069
8 9 137.0  83.685407 79.189453 59.0 16.856217 69961.0 284.132050 1.205095 14.456832
9 10 163.0 135924832 136.962891 99.0 13.564650 101264.0 183.999719 1.169756 14.730920
10 1 175.0  98.692044  92.138672 59.0 25.488803 115371.0 649.679055 1.201427 16.911535
11 12 127.0 76991909 72216797 540 16.391926 47581.0 268.695234 1.272889 15.066519
12 13 160.0 130.877049 129.990234 109.0 10.845245 63868.0 117.619349 1.143453 13.152946
13 14 123.0 112602410 112.060547 103.0 4.444618 9346.0 19.754628 2.025953 9.110434
14 15 175.0 123444924 121.025391 830 18915416 57155.0 357.792956 1.339038 13.892444
.
Unit-test pass-rate (n=10):
- -
[ ]

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
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Benchmarking LLMs for Bio-image Analysis

Use case: Open a zarr file

bi.zarr mp

& .
. > o
i — . o R (} 0
Unit-test pass-rate (n=10): So  o° S & o >
& N ¥ ’19 Yo ¥ X @(Q
& Q* NN QSY\: N Q"?)b & 6Q>\
2 C S
& R S N A 1 &
open_zarr 0.0 0.0 0.0 0.2 0.0
LBJSiF;gLLMZ - https://www.biorxiv.org/content/10.1101/2024.04.19.590278V1 TECHNISCHE <,
10 Image Analysis https://github.com/haesleinhuepf/human-eval-bia E  &0hoe | UNIVERSITAT
SCBDS.A'" Robert Haase '  httos: e uk/bioimage. 21 UNIVERSITAT Sl Reic
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Benchmarking LLMs for Bio-image Analysi
Summary: 57 use-cases (yet), 24 LLMs (yet), n=10
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Prompt Engineering

Here is the python code to achieve the task:

Modify a prompt until it works.

Write python code to open the image file 'data/blobs.tif import cv2

) ) ' import numpy as np
and threshold it using Otsu's method. import matplotlib.pyplot as plt
Apply connected component labeling to the result to - # Load the image

retrieve a label image. Visualize the label image. img = cv2.imread("data/blobs.tif", @)
# Apply Otsu's thresholding
_, thresholded = cv2.threshold(img, @, 255, cv2.THRESH BINARY + cw2.THRESH OTSU)

# Apply connected component Labeling

num_labels, labels = cv2.connectedComponents(thresholded)

# Visualize the Llabel image
plt.figure(figsize=(1@, 18))
plt.imshow(labels, cmap="nipy spectral’)
plt.colorbar()

plt.show()

Make sure you have the necessary libraries (OpenCV, NumPy, and Matplotlib) installed in

your Python environment before running the code.
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Prompt Engineering

Modify a prompt until it works.

Write python code to open the image file 'data/blobs.tif' import cv2
import numpy as np

and threshold it using Otsu's method.

) # Read the image
Apply connected component labeling to the result to img = cv2.imread( data/blobs.tif', cv2.IMREAD GRAYSCALE)

retrieve a label image. Visualize the label image. Rl e e et

thresh = cv2.threshold(img, @, 255, cv2.THRESH BINARY + cv2.THRESH OTsU)

—3

Do not explain the solution. # Apply connected rl:clmpr:ment Labeling
num_labels, label image = cv2.connectedComponents(thresh)

Only write Python code and short comments are ok.
# Visualize the Label image

cv2.imshow( Label Image', label image.astype(np.uint8) * 5@)
cv2.waitKey(9)
cv2.destroyAllWindows ()

Using LLMs . i i ive-ai-

B Ionage Analysis https.//scads.g|thub.|o/generat|ve ai TECHNISCHE UNIVERSITAT
ScaDS. Al robert Raase notebooks/50_code_generation/03_gene 25 @ UNIVERSITAT L

@haesleinhuepf DRESDEN

DRESDEN LEIPZIG September 2025 rating_code.htm|



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

Prompt Engineering

Modify a prompt until it works.

Write python code to open the image file 'data/blobs.tif’ import matplotlib.pyplot as plt
from skimage import io, filters, measure
and threshold it using Otsu's method.
# lLoad the image
Apply connected component labeling to the result to image = io.imread('data/blobs.tif")
retrieve a label image. Visualize the label image. # Threshold using Otsu's method
+— thresh = filters.threshold otsu(image)
5<J binary image = image > thresh
)
g Do not explam the solution. # Connected component Labeling
. label i = .label(bi '
E-) =Y Only write Python code and short comments are ok. abel_image = measure.label(binary_image)
%0 # Visualize the label image
) plt.figure(figsize=(8,8))
—l Assume the code is executed in a Ju plt.imshow(label image, cmap='nipy spectral’)
= pyter notebook. - » -
plt.axis( " off")
Do not use any of these Python libraries: plt.shou()
* OpenCV
* PIL
* Pillow
Using LLMs . i i Na_Aai
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. Prompt engineering
. 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%
ACCUI’GCY
Of Retrieval
GPT-4 retrieval accuracy
Dofg:pm started to degrade at large
context lengths when the fact
was placed between
10%-50% document depth
Placed Fact 50%
Document .25 A?curacy
O ieval
Depth Retrieva
75%
Doc Depth
0%
ACCUI‘GCY
Bottom Of of Retrieval
Document 1K 10K 19K 28K 37K 46K 55K 64K 73K 82K 91K 100K 109K 8K 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.
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* Prompt engineering

. 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
decreased as context
lengths increased.

Placed Fact .
Document soxuc e

50%
Accuracy Of
Retrieval

Depth
‘r 98.80% 0%
Accuracy Of
Bottom Of W00% Doc Depth Retrieval
Document 13K 19K 24K 30K 36K 426 48K 54K GOK E5K 7K K 83K BOK 95K 101K 106K 12K N8K 124K 130K 136K 141K M7K 153K 159K 185K TPOK 177K 182K 188K 194K 200K
< 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
Using LLMs
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Prompt engineering in practice

knowledge base = """## Code snippets

You typically assemble code snippets when working with Python. The following snippets are given:
* When asked to segment nuclei, use the cellpose library like this:

" python
from cellpose import models

model = models.CellposeModel (gpu=False)

masks, flows, styles = model.eval(image,
batch size=32,
flow threshold=6.4,
cellprob_threshold=e.0,

normalize={"tile norm blocksize": @}) Such knowledge
label image = masks.astype(np.uint32) bases can be
hundreds of
* When asked to segment anything else but nuclei, use otsu-thresholding: examp|e5,
3 thousands of
Python tokens

trom skimage.measure import label
from skimage.filters import threshold otsu
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"4
. Scientific code writing: bia-bob g’f"b

 First steps: Keep it simple

#bob Load the blobs.tif image file and show it.

| will load the blobs.tif image file and then display it

using the appropriate visualization function.

shape (254, 256)

from skimage.io import imread

import stackview dtype s

- size 63.5 kB
# Load the image file min 8
filename = 'blobs.tif’ h e

image = imread(filename)

# Display the image
stackview.insight{image)

Using LLMs
Bio Image Analysis TECHNISCHE
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.“~.
cientific code writing: bia-bob 75‘23

([ ] Afte r |ea rn i ng hOW to :i.mpur't bia—bOb i:z:r-:k::r:z ?;pzlr:t io, filters, measure, segmentation

import matplotlib.pyplot as plt
import pandas as pd

rom t fo r CO d e L4 tr %%bob :i.mpor‘t py:les?erant:_prntctype as cle
e # Load blobs.tif from disk T FE SEEEE
# Segment the bright objects on the dark background

more Complex * Measure area and perimeter of the objects

* Show the original image, the segmented image and an # Segment the bright objects
W rkfl W : + Tl e b id = bfi thresh = filters.threshold_otsu{image)
area versus perimeter plot side-by-side using subfigures. binary = image > thresh

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-5- # Lobel the objects
sonnet-20240620, vision model: claude-3-5-sannet-20240620, endpoint: Mane, bia-bob version: 0.21.0. Do not labels = measure.label(binary)
enter sensitive or private information and verify generated contents according to good scientific practice. Read

# Load the image
image = io.imread( blobs.tif’)

# Measure Dr"'ﬂ;‘él"‘_".lES
more: httpsy//github.com/haesleinhuepf/bia-bob#*disclaimer properties = ['label’, 'area’, 'perimeter’]

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

# Create the figure with subfigures

Acea v3 Perimeter fig, (axl, ax2, ax3) = plt.subplots(l, 3, figsize=(15, 5))

Original Image

Segmented Image

.

20 # Original image

.o. * axl.imshow(image, cmap="gray’}
g & . axl.set_title{ Original Image’)
® o 13" axl.axis('off")
| # '
' ./ # Segmented imoge
Z - axl.imshow(labels, cmap='nipy_spectral')
L axd.set_title('Segmented Image")
07 5 an.anis('off')
N
o- 8
# Scotter plot
0 0/ 00 o o«
o ax3.scatter(df[ "area’], df[ perimeter'])
) ax3.set_xlabel( Area')
label area per‘lmeter‘ ax3.set_ylabel( Perimeter”)
(%] 1 433.0 91.254834 axi.set_title{ Area ws Perimeter’)
1 2 185.0 53.556349 plt.tight layout()
2 3 658.0 95.698485 plt. show()
3 4 434.0 76.870058 .
# Display the dotaframe

4 5 477.0 83.7989%0 print(df.head(})
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- Notebook generation

# Joads datafblobs.tif

A¥bob generate a jupyter notebook that

B MV & F

# segments the bright blobs using thresholding and connected component

# measures the area of the objects

# prints out the average area

4

A notebook has been saved as blob_segmentation_and_area_analysis.ipynb.

File  Edit

» 17l generate_r
8 + ¥

v = Z blob_segment.. (2) - Jupyterla: X+ — O | v blobsegment..(2)- Jupyterlal X +
€ > C Q@ localhost:8888/lab/tree/docs/02_bia_bob/blob_segmentation_and_a... ¢ n) B ¢ > C  © localhost88ss/lab/tree/docs/02_bia_bob/blob_segmentation_and_a..
View Run Kemel Tabs Settings Help | T Fle Edit View Run Kemel Tabs Settings Help
X | A blob_: _and_are:X | + » | generate_notebook.ipynb X | A blob_ and_are:® |+
B ) » m C » Markdown v # Python 3 (ipykernel) O = B+ X DO » m C » Code M
B 3. Label connected components

simple

Blob Analysis Notebook »

This notebook demonstrates how to load a 3-D (or 2-D) TIFF stack containing bright
blobs, segment the blobs using simple thresholding, label the connected components,
measure their areas, and compute the average area.

Steps

1. Import required libraries
2. Load the image from data/blobs. tif

3. Threshold the image using Otsu's method to obtain a binary mask
4. Label connected components in the binary mask

5. Measure object properties (area) for each label

6. Calculate and print the average area of the detected blobs

7. Visualise intermediate results after each major step

# Import Libraries

import numpy as np

import pandas as pd

from skimage.io import imread

from skimage.filters import threshold_otsu

from skimage.measure import label, regionprops_table
import stackview

1 B 2 @ Python3 (ipykemel)|ldle Mode:Command © Ln1,Col1

blob_segmentatio

Simple

We label each contiguous blob in the binary image.

# Label connected components
labels = label(binary)

# Visualise Labeling (first slice if 3-D)
stackview.insight(labels)

shape
dtype
size
min
max
n
labels
4. Measure object areas
1 M 2 @ Python3 (ipykernel) |Idle Mode: Command @ Ln1,Col 1

w 000D

& Python 3 (ipykemel) O =

(254, 256)
int32

2540kB

blob_segmentation_ar

Z blob_segment... (2) - Jupyterlza: X 4+ = o X

€ > C O localhost8888/lab/tree/docs/02_bia_bob/blob_segmentation and a... ¥¢ & £l

File

)

»
o

simple

Edit
1 generate_notebookipynb X

8 + ¥

View Run Kemel Tabs Settings Help
 blob_segmentation_and_are:® | + %
B [ » m C » Code v & Python 3 (ipykernel) O =
. a
4. Measure object areas ]

Using regionprops_table we extract the area of each labeled object.
# Define properties to measure

properties = [‘label’, 'area’]

# Compute measurements
measurements = regionprops_table(labels, propertiessproperties)
df = pd.DataFrame(measurements)

# Show the table (first few rows)

display(df.head())

label area

0 14330

1 2 1850
2 3 6580
3 4 4340
4 5 4770

5. Compute average area

We calculate the mean area of all detected blobs and print the result.

average_area = df['area’].mean() " s F A4

2 @ Python 3 (ipykemel) | Idle Mode: Command © Ln1,Col1 blob_segmentation_and_ar
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.“‘t
Optimizing documentation 2,

E.g. to make code more readable nGoducton

A This NOTE000K. Wi will Jemanttrate how 10 105d 3 BIoige. VISLAISe T Eng STaCvaw. and upiors the IMage weaacTvely, We will De

uting am image of blobs ‘or thiz exampie. The step: inciode loading the image and visualzing  using c¥erent stackview functionaities.

Step 1: Import necessary libraries
We will 323t by Importng the neceszary libranes. In this case skisage.io “Orlcading the image and stackvien ‘or visuaizazon

fron skisege.lo laport Lwresd
iaport stackviod

from skimage.ic import imread a
fmport stackview I Step 2: Load the image
= « imread(”../Dicks. tif") > = Nest vt will 503 the image e into 3 vadialls Thi IMags L14d In This ASLEEOOK I blobs. Ll
e e ‘ from bia_bob import bob e e '
stackview. insight(image) inoge « lnread Bloks. tié
ape (254, 2561 - - - - Step 3: Visualize the i ing stackview insight
- - %%bob modify the notebook “mod_notebook.ipynb™ by e
dtype uint8 X o= Wo will i stackview Insight 0 visLaize the I0aded imags This function JEOWS f0r iMspactng e image
15 rewvs adding explanatory markdown cells between the code cells. ’ ’
: i : Also add a markdown cell at the very beginning that =
a2 introduces the entire notebook shortly. R
L vze  635K8
» i The modified notebook has been saved as mod_notebook_1.ipynb. bt
200 ma P
E
100
S0
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Translating notebooks
N L

[ B

® 10_nd_image_data_fripynd X

tidimensional image Multidimensional Bildstapel Pilas de imagenes Piles d'images
ks multidimensionales multidimensionnelles

0 Multigimensionaie Bilddaten kGnnen ann
0 O e a S e S o o . = Bilddaten behandelt werden. Los datos ce imagenes multicimensionales se pueden manejar de Les données cimages m
ol st g deta manera simiar a los datos de imagenes m . 2 "

Dreidimensionale Bildstapel

dimensionnelies peuvent étre traitées de

e-dimensional image stacks < Pilas de imagenes tridimensionales Piles d'images tridimensionnelles
Es gibt a

translate
notebook

ich Bilder mit drei raumiichen Dimensionen: X, Y und Z.

spiele fince: der Mikroskopie und in der También hay imagenes con tres dimensiones espaciaies:X, Y y Z existe aussi des images avec trois dimensions spatiaies: X Y et Z.

en Bildgebu Puedes encontrar ejempios tipicos en microscopia y en imagenes les exemples typlques en microscopie et en imagerie

2 un conjunto de datos de Imagenes por

mbie de données d'ima
tique (IRM) :

ar

nage.io import imread skinage.fo import
nshow view import
plotlib.pyplot as plt

= izread data/Has

ic import

Bildschnitte

L]
e slicing Corte de imagenes Coupe d‘image
Da alie drei Dimensionen rdumliiche Dimensionen sing, kénnen wir
L] ree dimensions are spatial dimensons, we can a's0 make a | Como Ias tres dimensiones son dimensiones espaciales, también Comme les trois dimensions sont des dimensions spatiales, nous
e image piane and corresponding to « L podemos hacer cortes ortegonales 3! pianc de ia imagen y pouvens également faire des coupes orthogonaies au plan de I'image
w E wir .T correspondientes 3 Planos An; €os. Para orientar correctamente las dant aux plans anatomiques. Pour ori rectement

er sus jes afadendo LT poser leurs axes en zjoutant T 13

<language>.

Videos Videos Videos

5 3 temporal dimension, we call it a video. Wenn ein Bilddatensatz eine zeitiiche Dimension hat
hannel images and ein Video. Die Verarbeitung ven Videos funktioniert Shn

- menrkanaliger Bilder und Biidstapel. Offn

£ 2n image datas

nto de datos de
video. Procesar videos funciona de manera simi

wir einen Mikroskople- dud mAnanec multiranal v a (ac niac da imAnanss Vamnac a ahdr o0

magenes tiene una dimensidn temporal, lo

e die
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Login to jupyter4nfdi

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

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

cd ai-school-i1om-2025

git pull
! : File Edit View Run Kernel Tabs Settings Help < la
- + Y B jovyan@nfdigeneral-1f058e7: X + %
s , F Y
m/h I :~% cd ai-school-iom-2025/
| o /home / jovyan / :~fai-school-iom-2825% git pu].].l
Name - Modified
| . @@ ai-school-iom-2025 2 days ago =
122 0 v =
B data_mounts 1 hr. ago
Simple 2 B 10 & Disk: 0.26 / 25.00 GB | CPU: 59.70 % | Mem: 1.09 / 2.00 GB  iovvan@nfdiaeneral-If058e7a6ee048f098eb!
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Login to jupyter4nfdi

Navigate to https://hub.nfdi-jupyter.de/, log in and start a Jupyter Lab. ¥
If you DO NOT have the ai-school-iom-2025 folder, enter this in a terminal;

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

In case of problems

mkdir test?2

cd test?

git clone https://github.com/ScaDS/ai-school-iom-2025/
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Unzip the env.zip file

Navigate to the folder ai-school-iom-2025/docs/day4.1 1llms and
unzip the env.zip file:

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

Uunzip env.zip

& jovyan@nfdigeneral-1f058e7: X | +

:~% cd ai-school-iom-2825/docs/day4.1 11lms/
:~/ai-school-iom-2025/docs/day4.1 1lms$ unzip env.zip
Archive: env.zip
[env.zip] .env password:
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Install requirements

First, run the notebook docs/day4.1 11ms/00 setup.ipynb

: File Edit View Run Kernel Tabs Settings Help < la

+ Y (A] 00_setup.ipynb X |+ %

B+ XOT® » m C » Makdown v ~Openin.. # Python 3 (ipykernel) O =

W/ - /docs/dayd.1_ lims/

=
o

oy )
Name = Modified . ) ) v & F i '
b
™ dato 2 daysago & Installation @ jupyter4nfdi
328 3
» [W] 00_setup.ipynb 1 sec. ago
o o This notebook is supposed to be executed on https://hub.nfdi-jupyter.de/. Before running it, make sure
+ [A] D0_test_kisski_endpointipynb 1 hr. age . . . . . . L
= open a terminal and execute unzip env.zip within this folder. Do NOT unzip it from within a
* 7] 00_test scadsai_endpoint.ipy... 38 min. ago notebook because you need to enter a password.
+ [A] 01_bia-bob-demo.ipynb 1 hr. age
- 02_generate_notebook.ipynb 1 hr. ago Ipip install bia-bob openai dotenv pandas scikit-image numpy scipy stackview statsmodels ses
4 [ 4
* + ] 03_translating_notebooks.ip... 1 hr. age Collecting bia-bob
+ [A] 04_documenting_code.ipynb 1 hr. ago Using cached bia_bob-0.34.3-py3-none-any.whl.metadata (21 kB)
Collecting openai
L 40_generating_images.ipynb 52 min. ago Using cached openai-2.2.@-py3-none-any.whl.metadata (29 kB)
- [A] 80_embeddings.ipynb 37 min. ago COH?Ctmg dotenv
Using cached dotenv-8.9.9-py2.py3-none-any.whl.metadata (279 bytes)
L] blob_segmentation_and_are... 1 hr. ago Requirement already satisfied: pandas in fopt/conda/lib/python3.12/site-packages (2.3.3)
) Collecting scikit-image
L blob_segmentation_and_are... 2 days ago Using cached scikit_image-©.25.2-cp312-cp312-manylinux_2_17 x86_64.manylinux2814 x86_64.w
O envzip 1 hr. ago hl.metadata (14 kB)
Requirement already satisfied: numpy in /opt/conda/lib/python3.12/site-packages (2.3.3)
N LLMs.pdf 2 days ago Collecting scipy
A . , . v Ile damnr mmrbhind —r e A AL T T, P AT ammmae ] e A A e DE A emmma e ] e T AT @8 CA T eend v
Simple 3 Bl 10 {8 Python 2 (ipykernel) | Idle Disk: 0.26 / 25.00 GB | CPU: 19.90 % | Mem: 1.09 / 2.00 GB £ Mode: Command &) Ln1,Col1 00setupipynb 1 N
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The the connection(s) to the LLM server(s)

: File Edit WView Run Kernel Tabs Settings Help

- + C Y M| 00_setup.ipynb X | % 00_test_scadsai_endpointipy X =+
B + X0 » m C »w Markdown v ~0 in.. =¥ Python 3 (ipykernel =
m/ - /docs/dayd.1 lims / o penin y (py ) O
A

Name - Medified @

o B data 2 daysago = SCEIDS.A' LLM endp0|nt 5
+ [A] 00_setup.ipynb 1 sec. ago |
. In this notebook we will use the ScaDS.Al LLM infrastructure infrastructure at the Center for

» [™ 00_test_scadsai_endpoint.ipy... 2 sec. ago prompt_scadsai_llm("Hi!")
Q - [ 01_bia-bob-demo.ipynb T hr.ago 'How are you doing today? Is there something I can help you with, or would you like to cha
+ [A] 02 aenerate notebook.iovnb 1 hr. aao t '
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Embeddings

DraW em b@dd | ngS Of WO rdS d k® so_embeddiéq...—JupwerLab x 4+
/ Se nte n Ces fro m yo u r Own | f > € % hub.nfdijupyter.de/user/alcd20c712d4003bfcad990bc7c5dd6@login helmholtz.de/If0587a6ee048f098eb52b84.. ¥ £} & B
scientific domain

.. File Edit View Run Kemel Tabs Settings Help < a

B

» + v A 80_embeddings.ipynb X |+ %
B + X > B C » Markdown ¥  ~Openin. # Python3 (ipykernel) -
m/ - /docs /day4.1_lIms / X D Ij penin y Gy )
o draw_embedding(sentences) A @
Name - Modified
B data 2 days ago PCA of text embedding
282 0.6 gTieg taste good. &
- [A] 00_setup.ipynb 46 min. ago
— | [M] 00_test_kisski_endpoint.ipynb 29 min. ago g 0.4 1
. [A] 00 test scadsai_endpeintipynb 4 min. ago g
o 4
‘ = [A] 01_bia-bob-demo.ipynb 27 min. ago E’ 0.2
B 5
= [A] 02_generate_notebook.ipynb 27 min. ago '_L; 0.0 &Lats hate dogs.
» [A] 03 translating notebooks.ipynb 27 min. ago % @ e sun is shining.
c - i
‘ « [A] 04_documenting_code.ipynb 26 min. ago E 0.2
- [A] 40_generating_images.ipynb 18 min. ago —0.4 J’oqay it is raining.
= [W] 20_embeddings.ipynb 3 min. ago _0:75 _0150 _0125 0'60 0.l25
[A] blob_segmentation_and_area_ana... 41 min. ago Principal Component 1
[A] blob_segmentation_and_area_ana... 2 days ago
O envzip 31 min. ago Exercise
“8, LLMs.pdf 2 days ago
Take terms or sentences from your scientific domain and draw an embedding for
M readme.md 2 days ago
them.
[A] terribly_documented_analysis.ipy... 2 days ago
H vgsales.csv 41 min. ago v
Simple 1 10 {8 Python 3 (ipykernel) | Idle  Disk: 0.26 / 25.00 GB | CPU: 39.80 % | Mem: 1.09 /200 GB 49 Mode: Command @) Ln1,Col1 80_embedding,
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. Bia-Bob: code generation

® v @ BiA-Bob— Aland NLP for Biol X Q-

v "~ bia-bob-demo... - JupyterLab X +
« - C 25 scads.github.io/EMBOBiolmage2025/02_bia_bob/bia-bob-demo.html

T gy & 2 C @ localhost:8888/lab/tree/docs/02_bia_bob/bia-bob-demo.ipynb
#EMBOBiolmage 2025 =
_: File Edit View Run Kemel Tabs Settings Help
Setup
BiA BO b - + oY A bia-bob-demo.ipynb X |+
Setting up your computer - . —_
B + X » B C » Markd v & Python 3 (ipykernel) O =
M / docs / 02_bia_bob / X DD arkdown ython 3 (ipykernel) O
Python Jupyter Notebooks bia bob is a Python library that connects Jupyter with large Ia (n] Name N Modified Tl &
Python code in Jupyter notebooks analysis instructions. Commonly, it uses OpenAls/GPT models | 8 data 1 hour ago load data/blobs.tif and show it
Pitfalls when working with Jupyter LLM infrastructure of ScaDS Al in the National Compute Cente| iI= | api_key zip 21 days ago
notebooks . . . bia_bob-statistical_testing.ipynb 24d
When using bia-bob to prompt LLMs, the prompts you enter ii " bia_bob-statisticaltesting.ipyn 2ys 290
ioi is i . . - . . bia-bob-d .ipynb 21 days
Bioimage Analysis in Jupyter Notebooks the LLM provider. Do not submit any sensitive, secret or privat LR e e
. ) recommendations before executing them. LLMs make mistake ) generate_notebaokipynb 24 days ago
Al-assisted Code Generation . .
[A] translating_notebooks.ipynb 21 days age
BiA-Bob First, we configure bia-bob: [A] under_the_hood.ipynb 24 days ago
Al-assisted Notebook generation (A Untitled.ipynb 28 days ago
. # load secret API key. You must unpack the contents of
Translating notebooks # into the same folder before going ahead.
Statistical testing from dotenv import load_dotenv
load dotenv()
Under the hood: Configure bia-bob's
behaviour through system messages import os
from bia_bob import bob
bob.initialize(endpoint="https://1lm.scads.ai/vl", mode¢
Links
—
CRADMY D +iral T Achrnmend
v
Simple 3 {8  Python 3 (ipykernel) | Idle Mode: Command &  Ln 1, Col 1 bia-bob-demo.ipynb
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Bia-Bob: notebook ge

tebook.ipynb

xX |+
m C

M| generate_notebook.ipynb

B + X008 » >

Code & Python 3
%¥bob generate a jupyter notebook that
# ]pads data/blobs.tif

# segments the bright blobs using thresholding and connect

[2]: N \I/‘

# measures the area of the objects

# prints out the average area

4

A notebook has been saved as blob_segmentation_and_area_analysis.ipynb. L

neration

 blob_segment... (2) - Jupyterlz. X + = (m] X
€« > C © localhost:8888/lab/tree/docs/02_bia bob/blob_segmentation and a... & 3 3)
: File Edit View Run Kernel Tabs Settings Help
i
[7] generate_notebookipynb X | &l blob_segmentation_and_arezX | +
m| "o Py 9 L
B + XD O3 » m C » Markdown v & Python 3 (ipykernel) O =
o s notebook moy cortin ot coded ¥ blob_segment. 2) - Jupyterlal X+ - o x
endpoint: https://chat-ai academicclou
rods fully. Read bout
= pomEEy Aot ¢ 5 @ @ localhost:8888/lab/tree/docs/02_bia_bob/blob_segmentation_and_a... ¥ n} ;J
1 _: File Edit View Run Kernel Tabs Settings Help
* Blob Analysi
gw | = generate notebookipynd X | I blob.seg at
This notebook demonstrai 8 +X0OH®M » = Cc » Cn‘ ¥ blobsegment.. 2) -Jupyterle X s - o S
blobs, segment the blobs . ) ;]
measure their areas, and ° < 5> C ® localhost:8888/lab/tree/docs/02_bia_bob/blob_segmentation_and a... ¥¢ ) A
3. Label connected co .
— ~ File Edit View Run Kemel Tabs Settings Help
St | = We label each contiguous blob i |
ePS - [%] generate_notebookipynb X | [& blob_segmentation_and_are:® | + L™
1. Import required libr »* # Label (ormecfsli' components B+ X DO » = C » Code v # Python 3 (ipykerne) O =
3 labels = label(binary) N Y
2 Load the image fron o 4. Measure object areas -]
3. Threshold the image # Visualise Labeling (first
4. Label connected con stackview.insight(labels) o Using regionprops_table we extract the area of each labeled object.
5. Measure object prof -
6. Calculate and print t # Define properties to measure
e N properties = ['label’, 'area’]
7. Visualise intermedia
# Compute measurements
# Import Libraries measurements = regionprops_table(labels, properties=properties)
import numpy as np df = pd.DataFrame(measurements)
import pandas as pd
From skimage.io impert # Show the table (first few rows)
From skimage.filters if display(df.head())
From skimage.measure if
import stackview
label area
Simple 1 2 & Python 3 (if
o 1 4330
1 2 1850
| 2 3 6580
.‘ 3 4 4340
|
| . 4 5 4770
i 4. Measure object are,
Simple 1 2 {& Python 3 (ipykernd
5. Compute average area
We calculate the mean area of all detected blobs and print the result.
1
i I [6]: average area = df['area'].mean() ~ sH P
1 2 @ Python 3 (ipykernel) [Idle Mode: Command @ Ln1,Col1 blob_segmentation_and_a
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