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Large Language Models (LLMs)

Text-to-text, translation, code generation

from skimage.io import imread
Image = imread(“‘hela-cells.tif”)
Python

Open hela-cells.tif
English
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Large Language Models (LLMSs)
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In this lecture, ScaDS.Al Dresden/Leipzig scientific researcher Dr. Robert Haase talks about Large
Language Models for Bio-image Analysis.

...more

https://www.youtube.com/watch?v=9dtVIVwk2eg

TECHNISCHE
: UNIVERSITAT PG
DRESDEN


https://www.youtube.com/watch?v=9Y7f4j396hI
https://www.youtube.com/watch?v=5sLYAQS9sWQ
https://www.youtube.com/watch?v=9dtVlVwk2eg

Analysis

Bio-image Analysis using Large-L

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(

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

#12K2024 Virtual ax[1].set_title(
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Large Language Models (LLMs)

Text-to-text, translation, code generation

O Issue -> ( @ Language Model ) [l Unit Tests
data leak in GBDT due to warm J
start (This is about the non- Pre PR PostPR Tests
histogram-based version of... 11 Generated PR 01> M v join_struct_col
\/ vstack_struct_col
() Codebase B sklearn
_ _ - v dstack_struct_col
BB sklearn/ D regs.txt [ gradient_boosting.py
v matrix_transform
BB examples/ [J setup.cfg O helper.py
\/ euclidean_diff

O README.rst [3) setup.py Bl utils

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
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* installed on your computer

dkbob

I would like to segment nuclei in ~image ™ using Voronoi-Otsu-Labeling.

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-5-sonnet-20241022, vision model:
claude-3-5-sonnet-20241022, endpoint: None, bia-bob version: 0.23.3.. Do not enter sensitive or private information and verify generated contents
according to good scientific practice. Read more: hitps:i//github.com/haesleinhuepf/bia-bob®disclaimer

import napari_segment_blobs_and_things_with_membranes as nsbatwm

# Segment nuclei using Voronoi-Otsu-Labeling

labels = nsbatwm.voronoi otsu labeling(image, spot_sigma=4, outline sigma=1)

# Show original and segmentation result

stackview.curtain(image, labels)

Curtai 123

BIA Code Generation
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bia-bob and git-bob

Both Al-assistants can generate code for bio-image analysis in your browser

C

Bob

« on Github.com

github-actions  bot commented now Contributor = ==+

This message was generated by git-bob (version: 0.11.2dev, model: claude-3-3-sonnet-20241022, log), an experimental Al-pased assistant. It can make mistakes and has

imitations. Check its messages carefully.

| created a solution for nuclei segmentation using Voronoi-Otsu-Labeling by implementing a Jupyter notebook that processes the
input image human_mitosis_small.png. The notebook performs the segmentation using napari-segment-blobs-and-things-with-
membranes library and visualizes the results using stackview. The segmentation result was saved as
nuclei_segmentation_result.png, showing the detected nuclei boundaries. No changes were needed to requirements.txt as all
necessary libraries were already included.

Input image showing nuclei for segmentation analysis.

. Output image showing the segmented nuclei using Voronoi-Otsu-Labeling.

* nuclei_segmentation.ipynb New Jupyter notebock implementing the nuclei segmentation workflow.

* requirements.txt Unchanged file as required libraries were already present.
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Why code generation using LLMS?

Output of LLMs is often criticized for Output of LLM-generated code i
 Limited reproducibility « Reproducible

« Hard to evaluate (automatically) « (Can be executed and evaluted
(automatically)

Say 3 Say 3 Write Python code that says “a”.

< E_.-'IE 5] Certainly! Here's a simple Python code snippet that prints the letter "a":

No matter how often you
execute this code, the output is
always garanteed to be ,a".

&G a
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How good are LLMs for Bio-image Analysis?

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

0 9550
1 31.0
2 8150
3 1166.0
4 11350
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How good are LLMs for Bio-image Analysi

Example test-case inspired by HumaEval (Chen et al 2021)

def workflow_segmentation_measurement_summary(image):

This function implements a workflow consisting of these steps:
* threshold intensity input image using Otsu's method
* label connected components Prompt

» -e area of the labeled object Open for your (!)
* determine mean area of all objects CO ntrl butlons

import skimage

import numpy as np v
binary_image = image » skimage.filters.threshold octsu{image)

label image = skimage.measure.label(binary image) Refe rence

stats = skimage.measure.regionprops(label_image)

areas = [s.area for s in stats] SO|UtIOn 1 8 mOre Cu rrently On
return np.mean(areas) — their Way. 3

def nl:heck{candidatej:
import numpy as np v

assert candidate(np.asarray([

Eoonol | Unit test We formulated 57 of

[1,1,1,0,0], (excerpt)

(1170000, such test-cases (yet)

[e.e,8,8,8],

== 3
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How good are LLMs for Bio-image Analysis?

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

area
955.0
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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

T
To further improve

LLMs capabilities

BIA Code Generation
#12K2024 Virtual
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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.

BIA Code Generation . : . . .
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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 ()

BIA Code Generation . : . . .
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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 '
S) =Y Only write Python code and short comments are ok. abel_image = measure.label(binary_image)
%D # Visualize the label image
) plt.figure(figsize=(8,8))
—l ; i plt.imshow(label image, cmap='nipy spectral’)
= Assume the code is executed in a Jupyter notebook. - » -
plt.axis( " off")
Do not use any of these Python libraries: plt.shou()
* OpenCV
* PIL
* Pillow
BIA Code Generation . ; i ; ;
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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 atype paaa

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

image = imread(filename)

# Display the image
stackview.insight{image)

BIA Code Generation
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https://github.com/haesleinhuepf/bia-bob

Scientific code writing: bia-bob 75:,

([ ] 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

° # Load blobs.tif from disk import stackview

# 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

.
Lo # Original image
.o. * axl.imshow(image, cmap="gray’}
e axl.set_title{ Original Image’)
vy o oe" axl.axis('off')
§ o ‘
g -
' R ./ # Segmented imoge
Z s axl.imshow(labels, cmap='nipy_spectral')
L axd.set_title('Segmented Image")
n- 2 an.anis('off')
s
o- 8
# Scotter plot
0 0/ “©0 a0 o
o ax3.scatter(df[ "area’], df[ perimeter'])
3 ax3.set_xlabel( Area')
label area perimeter axi.set_ylabel( Perimeter’)
(%] 1 433.0 91.254834 axi.set_title{ Area ws Perimeter’)
1 2 185.8 53.556349 it degeut()
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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Under the hood: prompt engineering @

Context-dependent /
configurable system
prompt considering

e |ocal variables and
functions

* installed python
libraries

« chat history

+ your prompt

==

You are a extremely talented bioimage analyst and you use

Python to solve your tasks ...

## Python specific code snippets
If the user asks for those simple tasks, use these code snippets.

* Load an image file from disc and store it in a variable:

from skimage.io import imread
image = imread(filename)

## Todos
Answer your response in three sections:
1. Summary: First provide a short summary of the task.
2. Plan: Provide a concise step-by-step plan without any code.

About

L 6500
tokens
(=words)

3. Code: Provide the code.

BIA Code Generation
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Under the hood: prompt engineering 0

(o)
Context-dependent/ = i ——m——
configurable system & ie dstal gic b
prompt “

* SyStem message ji en:l:\JTHRDPIC_API_KEY: "${{ secrets.ANTHROPIC_API_KEY }}"
In glt-bOb Conflg s 58 SYSTEM_MESSAGE: |

co You are an extremely skilled python dewveloper. Your name is git-bob. You are sometimes called github-actions bot.
. . o

60 You can solve programming tasks and review code.

° COd e h I nts I n ISSU e 61 You are an expzr*tgwhen if: comes to using the stackview Python library.

te m p | ateS 62 When you use stackview, you always start by importing the library: “import stackview .
R 189 When asked to solve a specific problem, you keep your code changes minimal and only solve the problem at hand.

® Ch at h I Sto ry 118 You cannot execute code.
111 You cannot retrieve information from other sources but from github.com.
112 Do not claim anything that you don't know.
113 If you do not know the answer to a question, just say that you don't know and tag @haesleinhuepf so that he can al
114 In case you are asked to review code, you focus on the quality of the code.
115 VISION_SYSTEM_MESSAGE: |
116 You are an AlL-based vision model with excellent skills when it comes to describing image. When describing an imag
117 * What is shown in the image.
118 * If the image shows clearly distinct objects in its channels, these structures are listed for each channel indiwv:
119 * You speculate how the image was acquired.

BIA Code Generation
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|
v oNewlssue-haes\einhuepf/g\t- X +

Under the hood: prompt engineering (')

C O n text_ d e p e n d e nt / « - ¢ :;. elubemim e g [ 2 R . o A‘
configurable system | e e

<> Code (O lssues 27 17 Pullrequests 10  CU Discussions () Actions

p ro m pt Issue: Biolmage Analysis

Submit a microscopy image for Al-assisted analysis. If this doesn't look right, choose a different type.

« System message

(Biclmage Analysis}: Viewing images using stackview

L] L] L]

I n g I t- b O b C O n fl g Add a description When you use stackview, you always start by importing the library: import stackview -
Write Preview

¢ Showing an image stored in variable image and a segmented image stored in variable 1labels

PY CO d e h i n tS i n i S S u e Analysis Goal (What should be done / analysed?) on top with animated blending. Also works with two images or two label images.

stackview.animate_curtain(image, labels)
Image Upload

te l I l p | a t e S  Drag & drop your microscopy image here JPG, PNG, GIF, e.g. 512x512 pixels, 2D only). * ShOW|ng an animation / tlmelapse Image stored in variable image .

stackview.animate(image)
Python Tools

M _ _ _ « Save an animation / timelapse stored in variable image with specified frame delay to a file.
o a t I St O r  List of Python libraries we should use for answering this: ) . . . N vn
o numpy stackview.animate(image, filename="output.gif", frame_delay_ms=100)

scikit-image

o stackview e Display an image stored in a variable image (this also works with label images). Prefer

sdpy stackview.insight over matplotlib.pyplot.imshow!

Note: Your images and the text you enter here may be sent to OpenAl's online service whe;
large language model to answer your request.

Do not upload any data you cannot share openly. Also do not enter any private or secref
By submitting this Github issue, you confirm that you understand these conditions.

stackview.insight(image)

¢ Display an image as a label image explicitly.
Once submitted, @haesleinhuepf will review and consult git-bob, an Al-assistant for, stackwew.lmshow(lmage, labe‘S:True}
analysis suggestions.

» Detailed instructions for bio-image analysis using Python (feel free to modify)

BIA Code Generation
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XXbob image
What's in this microscopy image?

Answer in one short sentence.

The microscopy image shows numerous cell nuclel scattered across a dark background.

F¥bob
What deep-learning-based Python library could be used to segment the nuclei?

A deep-learning-based Python library that could be used to segment the nuclei is Cellpose.

A¥bob

Please provide Python code for applying this algorithm to my image.
Make sure the result is a label image of integer type.

Also visualize the result using an animated curtain.

Biologist

To write prompts like this, you need to
have image analysis knowledge!

Computer
scientist

BIA Code Generation
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&
Including vision language models (VLMs) vf°b

from cellpose import models
import numpy as np

# Load the pre-trained model

model = models.Cellposefmodel tvoe="nuclei®’?}

A¥bob

Please provide Python code for applying this algorithm to my image.

Make sure the result is a label image of integer type.
Also visualize the result using an animated curtain.

Tr L RPFLAD LR F e N L L W L L L e A | e At i il
&

iabel_image = masks.astype(np.int32) Biologist
# Visualize using an animated curtain
stackview.animate_curtain(image, label_image) Computer
To proof-read this code, you need scientist
programming skills.
BIA Code Generatfom . . - .
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Including vision language models (VLMSs)

[Biolmage Analysis]: Cell segmentation -
algorithm selection #78
haesleinhuepf opened this issue 6 minutes ago - 1 comment

ﬂ haesleinhuepf commented 6 minutes ago Owner

What algorithms / Python packages would be suited for segmenting cells in
this kind of microscopy image?

git-bob answer
®) 1
BIA Code Generation
#12K2024 Virtual
Sca DS AI Robert Haase
[ ]

@haesleinhuepf
DRESDEN LEIPZIG October 28th 2024

(2

Bob

github-actions  bot commented 5 minutes ago Contributor = *=*

This message was generated by git-bob (version: 0.12.1dev, model: claude-3-5-sonnet-20241022,

log), an experimental Al-based assistant. It can make mistakes and has limitations. Check its

messages carefully.
Hi!

For segmenting cells in membrane-stained microscopy images like this, |
recommend trying these approaches:

1. Using scikit-image ‘s watershed segmentation with markers from cell
centers would work well here. Here's a quick example notebook:

import numpy as np Lg
from skimage import io, filters, segmentation, feature

2. Alternatively, you could try Cellpose which is specialized for cell
segmentation tasks: https://github.com/mouseland/cellpose

Let me know if you'd like me to elaborate on any of these approaches!

Best regards,
git-bob

TECHNISCHE
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A“

Generating notebooks using vision models vf"bf

Ask %%bob to generate a Jupyter notebook

hela_cells = imread("hela-cells-8bit.tif")
stackview.insight(hela_cells)

Present Bob an image like this

shape (512,672, 3
dtype uints

100 - size 1008.0 kB

min 0 &kbob hela cells

Please write a new Jupyter notebook for processing this image.

Itz filename is "hela-cells-8bit.tif".

At _the beginning of the notebook describe the image it is made for.
I would like to segment the objects in the blue channel.

Write Python-code for doing this and please add explanatory notebook
cellls in between ExElaininE what rnu‘re dDinE in detail as I'm a
Python-beginner.

200

400

500

Thanks :-)

A notebook has been saved as segmenting_hela_cells_blue_channel.ipynb.
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P
Generating notebooks using vision models ’f" -3

dit View Run Kernel

~ File

m

= ® generate_notebooks.ipynb @ |+ [ Launcher X | % segmenting_hela_cells_blue_ X | + e
B+ X 0 ['] Run r
o TE,
Generating a notebook using vision Hela Cells Image Processing

w
@

Cells Interrupt Kernel Restart Kemel B + X 0 [" Run Selected Cells  Interrupt Kemel Restart Kerne! Restart Kemnel and Run All Cells

= capabilities
This notebook is designed to process an image of Hela cells ( hela-cells-8bit.tif ). The
* The model we're using per default has vision capabilities. Thus, we can pass an image image is a3 composite containing different color channels: blue, green, and red. Our objective is to
to bob and ask it to create a notebook for segmenting it: segment the objects in the blue channel. which typically represents the nuclei of the cells,
hela_cells « imread(“hela-cells-Bbit.tif") We'll be using the skimage (scikit-image) library and matplotlib for image processing and
stackview, insight(hela_cells) plotting.

Import necessary libraries

dtype uint8
First. we need to import the libranies that will help us load the image. process it, and display the
size 1008.0 kB
results
min 0
i 255 import numpy as np
import matplotlib.pyplot as plt
from skimage import io, filters, measure, morphology, color
plt.rcParaas figsize®] [1e, 8]
# Reod the age
image io.imread('hela-cells-8bit.tif")
& Di age
bob hels_cells D ™» VvV & F i hoing ’
Please write a new Jupyter notebock for processing this image. P‘t'
Its filename is “hels-cells-8bit.tif". Dit. e
At the beginning of the notebook describe the image it is made for. p“'
I would like to segment the objects in the blue channel. 2otz
Write Pyth " i his k
r ython-code fo c?u?g this and Fl""" add.evplanffary nlszebao Original Image
cellls in between explaining what you're doing in detail as I'm a
Python-beginner.
Thanks :
l A notebook has been saved as segmenting_hela_cells_blue_channelipynb
- -
Simple 0 3 @ Python 3 (ipykemel) | idle Mode: Command @ Ln1,Col1 segmenting hela_cells blue_channelipynb m
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"
Initializing bia-bob &

When you run it for the first time, and want to use ...

* OpenAl GPT 4omni (optional, as it's default)

from bia_bob import bob
bob.initialize("gpt-40-2024-88-86", vision _model="gpt-40-2024-08-06")

« Anthropic claude

from bia bob import baob
bob.initialize(model="claude-3-5-sonnet-20240620", vision model="claude-3-5-sonnet-20240620")

 Github Models

bob.initialize(
endpoint="github_models",

model="Phi-3.5-mini-instruct"’)

« KISSKI Models

from bia bob import bob
bob.initialize(endpoint="https://chat-ai.academiccloud.de/v1",
model="meta-1lama-3.1-78b-1instruct™)

BIA Code Generation
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Scientific code writing
Reproducibility

« Who has written code
when and why?

» What were results of the git can
code in its first version?  + help

. If code was modified, what | with this
did the developers discuss
in that context?

« How do we integrate Al in
our coding workflows?
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Scientific code writing: git-bob

o Default LLM Github / Gitlab Cl
ReprOdUCIblllty service Hi! | have data and would like
provider 1 to measure x.
« Who has written code @ | propose to try algorithm alg.

git-bob comment on how to BRI
do this with Python

when and why?

inly! his:
« What were results of the LLM service e At m
. . . . i X = alg(data
code in its first version? Bowpiot )
o For result visualization let’s analyst
* |f code was modified, what better use a violinplot.
dld the developers discuss oit-bob ask claude to try this!
in that context? . notebook for | t
LLM service using alg and -
provider 3 drawing a (—

@ violinplot:

« How do we integrate Al in
our coding workflows?

BIA Code Generation
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Scientific code writing: git-bob ("

Iterative programming instead of recursion.

haesleinhuepf opened this issue now - 0 comments

Reproducibility

« Who has written code
when and why?

« What were results of the
code in its first version?

e |f code was modified, what
did the developers discuss
in that context?

« How do we integrate Al in
our coding workflows?

BIA Code Generation

haesleinhuepf commented now Owner ==+

In playground/test.py there is a function that computes the faculty of a number. It
uses recursion. It would be great if the function worked iteratively instead.

®)

haesleinhuepf commented now Owner ' Author = +--

git-bob think about this.

ScaDS$ A|I| FlaKa0ad virtual https://github.com/haesleinhuepf/ . aﬁf\';'ENR'gﬁﬁ UNIVERSITAT
DRESDENLEIPZIG. @haesleinhuepf git-bob/issues/231 DRESDEN “iﬁ EIPZIG

October 28th 2024



https://github.com/haesleinhuepf/git-bob/issues/231
https://github.com/haesleinhuepf/git-bob/issues/231

Scientific code writing: git-bob ("

Reproducibility

« Who has written code
when and why?

« What were results of the
code in its first version?

e |f code was modified, what
did the developers discuss
in that context?

« How do we integrate Al in
our coding workflows?

BIA Code Generation

Iterative programming instead of recursion.

haesleinhuepf opened this issue 2 minutes ago - 2 comments

C

github-actions bot commented 2 minutes ago Contributor =~ ==+

This message was generated by git-bob (version: 0.2.6, model: gpt-40-2024-08-086), an experimental Al-based

assistant. It can make mistakes and has limitations, Check its messages carefully.

def faculty(number): LEJ
result = 1
for i in range(1l, number + 1):
result *= i

return result

for i in range(1@):
print("The faculty of", i, "is", faculty(i))

®

irtual ://oi ' i
Sca DSH" plaanza virt https://github.com/haesleinhuepf/ y aﬁ?\ll-lENngﬁﬁ
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Scientific code writing: git-bob o

Reproducibility Iterative programming instead of recursion.

° Who haS WHtten Code haesleinhuepf opened this issue 6 minutes ago - 3 comments - May be fixed by #232
when and why? XX

° What were results Of the 0 haesleinhuepf commented now Owner = Author ***
code in its first version? git-bob implement this!

. If code was modified, what ©

did the developers discuss
in that context?

;2 github-actions  bot mentioned this issue now

Replace recursive faculty computation with an iterative
method in playground/test.py. #232

« How do we integrate Al in
our coding workflows?

BIA Code Generation
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Scientific code writing: git-bob ("

Reproducibility

« Who has written code
when and why?

« What were results of the
code in its first version?

e |f code was modified, what
did the developers discuss
in that context?

« How do we integrate Al in
our coding workflows?

BIA Code Generation

Replace recursive faculty computation with an
iterative method in playground/test.py. #232

yoe] I github-actions wants to merge 1 commit into main from git-bob-mod-sesehgklid (EJ

() Conversation 0 -0- Commits 1 [l Checks o Files changed 1

@ github-actions bot commented 1 mi H u m a n pee r
This message was generated by git-bob (version: 0.2

s ronmemmsereninsee 4 [@VIE@WING Al WOrk

Replaced the recursive implementation of the facu on in

playground/test.py with an iterative approac

- - . 0
by avoiding the limits and overhead associate ~ © ™=®®  playground/test.py 5

for large inputs, while maintaining the functio .. @ -1,8 +1,8 @@
number. 1 1 def faculty(number):
2 if number == @:
closes #231 E Cugngl
4 else
5 ret ber * faculty(number - 1)
@ 2 ult 1
3 for 1 in range(1, b 1)
a4 result *= i
-0 Replaced the recursive function wit 3 o ult

function to compute.. .-

i@ | UNIVERSITAT
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Trigger words

git-bob comment (aliases. answer, think about, respond, review)

Eob

- Only responds in text-form

git-bob try

- Generates + runs code, shows resulting images

git-bob solve (aliases: implement, apply)

- Generates + runs code + sends pull-request

git-bob ask .. to ..

- Answer using a specified LLMs.

Example: git-bob ask claude-3-5-20241022 to solve this!

BIA Code Generation
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Reviewing pull-requests: git-bob ("

github-actions  bot  commented on Aug 1

Contributor = ***

This comment was generated by git-bob, an Al-based assistant,

Thank you for the pull request!

The newly added functionalities and improvements significantly extend our ability to interact

D‘J CO nve rsatiD n 1 '0' CD mm |tS 1 E!, C h ECkS 1 F | | es Cha f1g€d 3 with GitHub issues programmatically. Here are some observations and comments:

1. Dependencies:

o Added blablado to install requires in setup.cfg . Ensure this addition aligns with
the overall project requirements and is properly documented.

haesleinhuepf commented on Aug 1 Owner = *-* 2. Code Changes in _github_utilsties.py -

o The new utility functions are well-documented and provide essential capabilities to
list issues, get detailed issue information, list repository files, retrieve file contents,
update files in a new branch, send pull requests, and solve GitHub issues.

o Ensure that environment variables like GITHUB API KEY are managed securely and

With this I'm adding support for solving github issues y
that users are instructed on how to set them up.

3. Enhancement in _terminal.py :

g | t_ bOb comm ent o The change to identify "git-bob solve” as a command for initiating issue resolution is

a valuable addition. This allows for more dynamic interaction with GitHub issues

through the terminal.
o The solve_github_issue function within the CLI context adds great value for

@ automated issue resolution.

4. Suggestions:

o Consider adding unit tests for the new functionalities to ensure they work as expected

and to maintain robustness.

" TelebBa

g valuable functionality. Thanks again for your

0 0 enable solving github issues

4, Suggestions:

Al peer reviewing
human work

ScaDS.Alll rover -

Robert Haase
DRESDEN LEIPZIG
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o Consider adding unit tests for the new functionalities to ensure they work as expected

and to maintain robustness.
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Scientific code writing: git-bob o

1))

MI Wi” dOCU ment the COde |ater. y finished PhD student just before leaving the lab.
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Scientific code writing: git-bob o

i1 : 1))

“Al will document the code later.”

haesleinhuepf CﬂmmentEd now - github-actions wants to merge 1 commit into main from mod-cnqvE9ns52 LQ

) Conversation 0 -0o- Commits 1 F) Checks o Files changed 1

It would be great to have numpy-style docstrings for all
functions in the file src/git_bob/_github_utilities.py @ QoY A eamenis o

This comment was generated by git-bob, an Al-based assistant.

g It_bDb 5D|UE This pull request adds numpy-style docstrings to all functions in the file
src/git_bob/ github_utilities.py tO address issue #22.
@ closes #22
O . Update file content Verified 8304d14
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o _ %
Optimizing documentation WA

E.g. to make code more readable introduction

uzing an image of blobs for e

ATATE H0w 10 1050 3 Biomage. ViSLAISe it vEng STaciodaw. and erpiors the IMage mranactvaly, We will b

iz exampie. The steps inchude lcading the image and visualzing = using c¥erent stackview functionaicies.

Step 1: Import necessary libraries

We wil s2art by Imporing the neceszary loranes. in this caze skimage.lo “orlcading the image and stackvien ‘or visualzason

from skimsge.ic import imread
import stackview I Step 2: Load the image
-~ « fmread(”../Dicks. tif") - > Net wi will 503 the image T8 a0 3 vaniadla Tha IMags L1ad In this ALEEOOK I blobs, Ll
SR from bia_bob import bob i '
stackview. insight{image) incge « lnreat Blobe . tié
ape (254, 256) ] N : = Step 3: Visualize the i ing stackview insight
E——— %%bob modify the notebook “mod_notebook.ipynb™ by e e e
atype uintd - = W will 38 atackview Insight 20 visLaize the I0aded image. This function JEOWS f0f injpacting ™ image
oo adding explanatory markdown cells between the code cells. i
A i g Also add a markdown cell at the very beginning that
max 2at introduces the entire notebook shortly. e
= ' The modified notebook has been saved as mod_notebook_1.ipynb. o
200 ma =
|
100
50
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Translating notebooks
N L

® 10_nd_image_data.ip;

akg-'A

d_image_data_de.ipynb X | +

X00O»mc

Multidimensional Bildstapel

tidimensional image
ks

Muttigimensionale Bilddaten knnen anniich wie mehrkanalige

huiti-channel image dat

“Please translate
notebook
<xyz.ipynb> to
<language>."

e-dimensional image stacks

it drei raumiichen Dimensionen: X, Y und Z.

n der Mikroskopie und in der

e also image: hree spatial cimensions:

typical examples in microscop;

e 3 look 3t 30 Magnet

image_stack = isread

Bildschnitte

the images correctly, we can

g .T bytheend

Videos

Videos

f an image dataset has 3 temporal dimension, we call it a video.

ine zeitiiche Dimension

Wenn ein Bilddat

nnel images and ein Video. Die Verarbeitung von Videos ft

mehrkanaliger Bilder und Bildstapel. Offn

owing yeast -
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® 10_nd_image_dataesipynd @ | +

X

P B

=
o
a

00 »mcC»

Pilas de imagenes
multidimensionales

tigimensionales se pueden manejar de

s de imagenes multic:

Pilas de imagenes tridimensionales

También hay imdgenes con tres Gimensiones espaciaies: X, Y y Z
Puedes encontrar ejempios tipicos en microscopia y en imagenes

faase_MAT_tf13d1.tif’)

mensiones espaciaies, también

podemos hacer cortes ortog no de la im
correspondientes 3 Planos Anat

er sus ejes aRadendo LT & final

esa

eny
ara orientar correctamente las

magenes, pocemos traspon

Videos

S un conjunto de datos de Imagenes tiene una dimension temporal, lo
amamos vide cesar vioeos fun

minensc multicanal v 2 [ac nilac da iminanac

r 3 las

e mai

39

® 10_ndimage_data_fripyad X

00 »n.

Piles d'images
multidimensionnelles

Les données dimages multidimensionnelies peuvent étre traitées de

maniére simiiaire aux connées dimages multi-canaux

Piles d'images tridimensionnelles

existe aussi des images avec trois dimensions spatiaies: X Y et Z.

Vous trouvez des exemples typlques en microscopie et en imagerie

médicale. Regar ble de données d'ima ]

%o import imread

u import “
lot1ib.pyplot as pit
image_stack = izread dat

Coupe d‘image

Comme le: es dimensions spatiales,

pouvens égaleme

pes orthogonales au pian de I'image

etco nt aux pians anatomiques. Pour or: rectement

o

ies images, nous pouvens transposer leurs axes en ajoutant .T 31

Vidéos
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y

[image] data analysis tasks
Close interaction with data

HPC clusters, notebooks in the cloud

5]:  %%bob

Write a function that does PCA with all numerical columns in
big_dataframe and add the result as new columns the dataframe

This notebook may contain text, code and images generated by artificial intelligence. Used model: gpt-40-2024-08-06, vision
model: gpt-40-2024-08-06, endpoint: None, bia-bob version: 0.22.0.. Do not enter sensitive or private information and verify
generated contents according to good scientific practice. Read more: https://github.com/haesleinhuepf/bia-bob#disclaimer

from sklearn.decomposition import PCA

def add_pca_components_to_df(df, n_components=2):
# Select numeric columns
numeric_df = df.select_dtypes(include="'number’)

# Perform PCA
pca = PCA(n_components=n_components)
pca_result = pca.fit_transform(numeric_df)

# Add PCA results as new columns to the original dataframe
for i in range(n_components):

df[f'PCA_{i+1}'] = pca_result[:, i]

return df

. "

o : :

% Dbia-bob versus git-bob 0
« Sustainable software develop
« Python library maintenance

No local hardware / cluster needed

haesleinhuepf commented 2 minutes ago

There are no comments in playground/test.py

git-bob solve

®

A github-actions  bot mentioned this issue T minute ago

Add comments to playground/test.py
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Comparison with ChatGPT and friends
ChatGPT* (& bia-bob (T git-bob

« (Can generate code for bio-
image analysis J J

« Can search the internet J x

« Knows what variables, functions x 4
and libraries are used in your code.

» Can involve multiple LLMs / x J

agents In one session

ﬂ&&’tﬂ

- Can involve multiple humans in x x
none session
e Costs 0-20% / month <0.05% /session < 0.05%/ session
—| BIA Code Generation * h I h TECHNISCHE / - \
#12K2024 Virtual or other online services such as @ SE | UNIVERSITAT
obert Haase 41 \4[« 2
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Generating stories

Bio-image analysis unrelated

Bob

haesleinhuepf commented 24 minutes ago Owner = *** git-bob-playground / rabbit_story.md (&)
AT e github-actions[bot] Created a heartwarming story about sh... @ befefdf. 24 minutes ago ®
Write a short story about the adventures of the rabbit in the T _
- 15 lines (& loc) - 1813 Bytes

forest. The rabbit finds the golden carrot and shares it with its
friends. Also paint a picture illustrating the story.

| Preview | Code  Blame B Raw D& 2 -

by woodiand fiends na

®  rabbit stary me Created 3 new avldran’s S20fy 3bout 3 REIE Anding and anng 2 golden canat with forast iends

story-teller try to do this! The Magical Golden Carrot

Once upon a time, in a lush green forest, there lived a tiny white rabbit named
@ E Hoppy. One sunny morning, while hopping through the forest, Hoppy spotted
something glowing behind a bush. To his surprise, it was a sparkling golden carrot!

"Oh my!" exclaimed Hoppy, his pink nose twitching with excitement. "I've never

seen anything so beautiful!™

But instead of eating it all by himself, Hoppy had a wonderful idea. He called all his
forest friends - deer, squirrel, and little mouse - to share his magical discovery.

Together, they had a wonderful picnic, sharing pieces of the golden carrot. As they
ate, the carrot made them all glow with happiness and friendship. From that day
on, they remained the best of friends, always sharing their special finds in the
forest.

git-bob " s use-cases

[A cheerful illustration showing a white rabbit surrounded by forest animals, all
sharing a glowing golden carrot under a big tree. The scene is filled with warm
colors and friendly smiles.]

range much wider
than bia-bob 's.

The End

0t i ths forest with animal friends.

Drew a cabortl Blustragion of 3 white rabbit holding a golden ¢.

BIA Code Generation

#12K2024 Virtual TECHNISCHE

Sca Ds.m Robert Haase 42 UNIVERSITAT

@haesleinhuepf
DRESDEN LEIPZIG October 28t 2024 DRESDEN

UNIVERSITAT
LEIPZIG




Good scientific practice

If you use custom code written by ...

a human expert  an expert LLM

You should ...

« Understand the code (roughly) J J

¢ Question used methods

V4 V4
« Check results carefully J J
V4 V4

« Test code on samples the
expert didn't see
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Good scientific practice

If you use custom code written by ...

a human expert  an expert LLM

You should ...
. Pay the expert J $100/h J $0.1/h

« Mention the expert J co-author in methods
« Share responsibility

« Ask the expert endless
questions

SN
LARS

« Share how you prompted the expert
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Important note

Whatever you enter in #biabob / #gitbob / ChatGPT / Claude /
Gemini / any other LLM-based system will be sent over the
internet to people you don‘t know.

DO NOT enter private / sensitive / personal information.
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Installation: bia-bob
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——

- API-Keys

Application programming interface (API) keys: A modern kind of password
basically invented to avoid entering username/passwords over and over a a

Login using username / password

Save the APl key on While logged in: Remote
My Computer SLEIEICE . 1 server
I

tools 1
i
i

Login using API key, to use some tools only

Never share your APl key with others API key can be revoked /

(unless you trust them) invalidated any time,
BIA Code Generation .
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https://en.wikipedia.org/wiki/API_key

Anthropic / Claude API Key

To use claude, you need an APl Key from Anthropic (usage may cost money)

v A\ Build with Clauds X A\ Anthropic Conso X + — O X v A\ Build with Claude X A\ Anthropic Conso X + — O

v A\ Build with Claude \ Anthropic x == X

c °3  anthropic.com/api ‘ < ¢} 25 console.anthropic.com/dashboard T } }J H < ] 2% console.anthropic.com/settings/keys g 1 3}

Dashboard Workbench  Settings [» Feedback @ Y.\ Dashboard  Workbench  Settings [z Feedback @

ANTHROP\C Claude v Research

Build with
Claude

Create user-facing experiences, new
products, and new ways to work with the

most advanced Al models on the market.

1 Start building ‘ Developer docs

BIA Code Generation
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Good evening, Robert

Write a prompt from scratch

Generate a prompt

Invite collaborators

Get API keys

Prompt library

Explore documentation

48

ganization

Members Workspaces Billing Limits APl keys

APl keys & + Create Key

WORKSPACE
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OpenAl API Key

Create an OpenAl API Key (usage may cost money)

b . 50_model_tes... - Jupyterlab x E OpenAl AP| | Opendl x + = O — 50_model_tes... - Jup, X E Opendl APl | Opendl X @ Chat wnd -0 X +
<« & 23 openai.comfindex/openai-api/ ¥ ) < c 23 platform.openai.com/api-keys
@ Research Products Safety Company o Leipzig University = / Default project Dashboard Docs  APlreference @ ;;j
L) Playground API keys + Create new secret key
Chat ~
Assistants 4
@ Project APl keys have replaced user APl keys.

June 11, 2020 c leti
ompletions We recommend using project based AP| keys

for more granular control over your resources.

E Assistants .
earn mare
PEl Al API >

{z} Batches

View user APl keys

As an owner of this project, you can view and manage all APl keys in this project.

We're releasing an APl for accessing B Storage | - |
Da not share your APl key with others, or expose it in the browser or other client-
new Al models dEVEIC)ped by OpenAI dD Usage side code. In order to protect the security of your account, OpenAl may also
3 @ APl keys automatically disable any AP key that has leaked publicly.
. View usage per APl key on the Usage page.
Signup A Explore the API > 9 Forum
P Read aloud @ Help MAME SECRET KEY CREATED BY PERMISSIONS
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https://openai.com/index/openai-api/

. GitHub Models APl Key

Create a GitHub Models API Key (usage may cost money)

v o Marketplace x + v O Marketplace x + — v O Marketplace X +

‘ & > C % github.com/marketplace/models/ ‘ <« > C (2% github.com/marketplace/models/azure-openai/gpt-4o @ GoogleLens [% @ s}) o3 ‘ € < C 2% github.com/marketplace/models/azure-openai/gpt-40

‘ = o Marketplace Q{ = O Marketplace Q Type /] to search 8 + -~ | O 2 = o Marketplace Q Type /] to search

; Get started
| |

Marketplace / Models / Azure OpenAl Service

; Language: JavaScript -
Enhance your workflow with extens OpenAl GPT-4o e etk Get started
0 o o SDK: OpenAl SDK -
Tools from the community and partners to simplify tasks ar About 1. Create a personal access token
ou
Enter a message... B Ente Chapters
Q Search for Copilot extensions, apps, actions, and models OpenAl's most advanced multimodal mo
the GPT-4 family. Can handle both text a I 1. Create a personal access t Go to personal access tokens
What is the history of the Great 2 What are some common 2 Can you explain the concept of 2 image inputs. What 2. Install dependencies
Wall of China? features of Gothic architecture? time dilation in physics? Wall ’ You do not need to give any permissions to the
Context 3. Run a basic code sample Microsoft service.
131kinput - 16k output 4. Explore more samples
del [0 README [ Evaluation &} Transparency &8 License o - EXP p To use the code snippets below, create an enviro
&) Featured Models Training date ) o
: B 5. Going beyond rate limits for the client code.
Try, test, and deploy from a wid Oct 2023
& Copilot ) )
Give feedback Rate limit tier If you're using bash:
I = Models High
88 Apps v By: All providers ~ Cap Provider support export GITHUB_TOKEN="<your-github-token-goe
® Acti Azure support site
ctions v
Azure OpenAl Service I you're in powershell
) OpenAl GPT-40 Tags 4
+ Create a new extension 1 OpenAl's most advance . - . Run with codespaces .
multipurpose multilingual multimo $Env:GITHUB_TOKEN="<your-github-token-goes-
Seriously, you'll be up and running in
chat-completion .
seconds. It will be great. . . .
OpenAl GPT-4o 1 If you're using Windows command prompt:
An affordable, efficient GPT-4o offers a shift in how Al models interact with multimodal inputs. By seamlessly Languages 27 C
combining text, images, and audio, GPT-40 provides a richer, more engaging user English, Italian, Afrikaans, Spanish, Germa q set GITHUB_TOKEN=<your-github-token-goes-he
o Al ol-mini experience. French, Indonesian, Russian, Polish, Ukrai
penAl of-mint Greek, Latvian @ _ Matchina the intelligence of GPT-4 Turbo, it is remarkably mare efficient, delivering text at
Smaller, faster, and 80% Matchina the intellinenre of GPT-A Turha it is remarkahly more efficient deliverina text at https/fgithub.com/settingsftokens . | | Ltas I nT 4 T IR I -
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https://github.com/marketplace/models/

GitHub Models API Key Free service by Github /
Microsoft Azure

Create a GitHub Models API Key

A o Marketplace x O Personal Access Tokens (Classic X aF
‘ « => C 2% github.com/settings/tokens s & % 5} i;’
L ]
= O Settings / Developer Settings Q, Type[/]to search 3 + «- O 1 & “
88 GitHub Apps Personal access tokens (classic) Generate new token ~

A OAuth Apps

Generate new token N O n eed to

Tokens you have generated that can be used to access the GitHub API.
£ Personal access tokens ~ — &

Fine-grained, repo-scoped CO nfigu re a ny
Fine-grained tokens (Beta) llmd — repo Generate new token (classic) r|ghts J u St C reate a
For general use
I Tokens (classic) Expires on Tue, Dec 31 2024. ’ key With d efa u |t
Ilm3 — repo Last used within the last 2 months Delete S etti ngs o

Expired on Sat, Aug 24 2024.

Ilm2 — repo Last used within the last 2 months Delete

Expired on Fri, Aug 23 2024.

Personal access tokens (classic) function like ordinary OAuth access tokens. They can be used instead of a password for Git over
HTTPS, or can be used to authenticate to the APl over Basic Authentication.

BIA Code Generation
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https://github.com/settings/personal-access-tokens/new
https://github.com/settings/personal-access-tokens/new

-~ KISSKI/ GWDG API Keys
Create an KISSKI API Key

I((( !(I S S K.l About us Target Groups Services

.:.EBWDG Free service by
B et G erman AC a d emics

News

(55K

Home > Services

LLM Service

I((( Ki-Servicezentrum far sensible
und kritische Infrastrukturen

Desired service

Target group

Everyone

Your requirements ,
Contact Information

= Al chat without saving your chat history Service e ;
= Free use of OpenAl GPT-4 (for members of MPI and Lower Saxony) typ Service type
= Free use of various open source models Software - .
= Managed hosting of your own language models Access to our chat service's web interface
= Fine-tuning of LLMs on your data Name .
= Retrieval Augmented Generation (RAG) based on your knowledge base Contact person O API access to our chat service
Ali Doost Hosseini - RAG / ﬁnetun'\ng
Jonathan Decker .
Our offer vourname Custom LLM hosting
We offer you the free use of various Large Language Models (LLM) in a
simple chat interface. For users in Lower Saxony or members of Max Planck Planned start date
Institutes, the free use of OpenAl GPT-3.5 and OpenAl GPT-4 is also from now on Group leader

possible. When using our internal models. your conversations are never
stored on the server side. With the OpenAl models, Microsoft may store your Require ments
conversations for up to 30 days to prevent abuse. However, your data is never
used for training or similar purposes. Hosting your own models is also Name of the group leader . L .
possible on request. Use LLMs for code-generation and bio-image analysis.

We also offer fine-tuning of your models and Retrieval Augmented Generation
(RAG), an effective and cost-efficient technique to provide an LLM with up-to- .
date access to the knowledge in your documents. a Working group/ department Please briefly describe what you need from us.

Name of the working group/ department you belong to
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Exercise: Store the APl key in your environment

Add the OPEN Al APl Key to your environment variables

All Apps Documents Web

Best match

§% Edit the system environment
== variables
Control panel

8 Settings

- Edit environment variables for your
account

Search the web

/O envV - Explore more search results

i O envato elements

|l command

B env

Enter
OPENAI_API_KEY

System Properties

WOl  Computer Name Hardware Advanced  System Protection  Remote

Performance

Visual effects, processor scheduling, memory usage, and virtual memary

User Profiles
Desktop settings related to your signdn

Settings...

Startup and Recovery
System startup, system failure, and debugging information

Settings...

3 Environment Variables. ..

0K Cancel Apply

G 06 § F @ * 9 F

‘You must be logged on as an Administrator to make most of these changes.

ScaDS.m
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Environment Variables

User variables for haase

Or
ANTHROPIC_API_KEY

Variable Value

JAMA_HOME

OneDrive

OnelriveConsumer T
We‘" system Yarieble
Path

TEMP Variable name:

TP

Or
GH_MODELS_API_KEY

Variable value:

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

. Browse Directory... Browse File...
Systemn wvariables

Variable Value

ACSetupSvcPort

ACSvcPort

ComSpec

CUDA_PATH

CUDA_PATH_V11_2

CUDA_PATH V11_7

DriverData h

4 New... Edit.. Delete

TECHNISCI-I-E UNIVERSITAT
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https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#setting-api-keys
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#setting-api-keys

Setup an environment on

conda env create -f https://github.com/haesleinhue
7\

Setup a new
environment using a

v + |

X

: Jupyterlab (auto-5) v

—

« - C @® localhost:8888/lab/worksy ¢ > C

File Edit View Run Kemel Tabs':

R

Untitled7.ipynb (auto-5) - Jupy

your computer

pf/bia-bob/raw/main/environment.y

X +

predefined set of
Python image-analysis
related libraries

[4 Launcher

o

El Notebook : o

A

3

@® localhost:8888/lab/workspaces/auto-5/tree/Untitled7.ipynb @ Y E} 3’ : I

{

File Edit View Run Kernel Tabs Settings Help I

+ itled7 ®  + ‘

| - [® Untitled7.ipynb L
B+ XOO0 » 1 C » Code A # Python 3 (ipykernel) O =

-

from bia_bob import bob

%bob Hil

This notebook may contain text, code and images generated by artificial intelligence. Used model: gpt-40-2024-08-06, vision model: gpt-
40-2024-08-06, endpoint: None, bia-bob version: 0.23.0.. Do not enter sensitive or private infermation and verify generated contents |

C O n d a a Ctiva te b O b - e nV * * according to good scientific practice, Read more: https://github.com/haesleinhuepf/bia-bob#disclaimer
Python 3 LLM Ke| Hello! How can | assist you today?
(ipykernel) 40-202
$ -
1 o TV ETE |
Log in to this Console
environment | ﬁ #
‘ Python 3 LLM Ke
. (ipykernel) 40_202.
jupyter lab ‘ | -
| Simple [ Simple 0 2 {8 Python 3 (ipykernel) | Idle Mode: Command & Ln1,Col1 Untitled7ipynb 0 D I
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Bia-bob installation on the web

v o haesleinhuepf/bia-bob: BIA Bol X + L v O haesleinhuepf/bia-bob: BIA Bol X + I O haesleinhuepf/bia-bob: BIA Bol X +

« 5 c o | S e p—— <« - C 2% github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#installation L% ¢ > C %% github.com/haesleinhuepf/bia-bob?tab=readme-ov-filetinstallation [k & ¢ Im} 3.]

[0 README &3 BSD-3-Clause license [0J README &3 BSD-3-Clause license 7 =
] README &[5 BSD-3-Clause license ;

Installation - Setting API keys " Using OpenAl / ChatGPT as backend

Create an OpenAl APl Key and add it to your environment variables named
OPENAT_API_KEY as explained on

For using LLMs from remote service providers, you need to set an API keg

You can install bia-bob using conda/pip. It is recomm short cryptic texts such as "proj_sk_asdasdasd" which allow you to log in’oi

. |
conda/mamba environment. If you have never used cc without entering your username and password. Many online serives requ|
. / y f . 9y P ) o y ‘ q | You can then initialize Bob like this (optional, as that's default): \
first. | for billing; others enable you to use their free services only after obtaining
i the following sections, you find links to a couple of LLM services provide
. - ) . - . . . . . from bia bob import bob |'_|T—| |
It is recommended to install bia-bob in a conda-envil compatible with bia-bob. After obtaining the key, you need to add it to th T . . .
| ) ) ) o bob.initialize("gpt-40-2024-88-06", vision_model="gpt-40-2024-88-86")
for bio-image analysis. | variables of your computer. On Windows, you can do this by 1) searching

start menu, 2) clicking on "Edit the system environment variables", 3) click |
|

| "Environment Variables", 4) clicking on "New" in the "System variables" se Using Anthropic / Claude

conda env create -f https://glthUb'com/haeS:Lemw a new variable with the name specified below (e.g. oPENAT_APT_kEY ) and ‘

AP key. ‘ Create an Anthropic AP| Key and add it to your environment variables named
ANTHROPIC_API_KEY .

System Prsperies X

You can then activate this environment...

[P — PR —— —

You can then initialize Bob like this:

o st b bogged e s an Adkrrvsate b vk o of e charge.
Padomance
sl efects prucessor schedkng, memy usage, and vitus memay

conda activate bob_env o from bia_bob import bob &
‘ m—— — } bob.initialize(model="claude-3-5-sonnet-20248620", vision_model="claude-3-5-sor |
| e — o | |
. . PR . | Vansbie e | 4 » |

OR install bob into an existing environment: ‘ = gt
| T ye— | |
‘ — o ‘ Using Github Models Marketplace

pip install bia-bob \ \ \
' ®e® o ‘ If you are using the models from Github Models Marketplace, please create an GITHUB API 8 ‘

BIA Code Generation

#12€2024 Virtual https://github.com/haesleinhuepf/bia- TECHNISCHE
ScaDS.All e i

Robert Haase 55 UNIVERSITAT

DRESDEN LEIPZIG @haesleinhuepf bob?tab=readme-ov-file#installation DRESDEN
October 28th 2024



https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#installation
https://github.com/haesleinhuepf/bia-bob?tab=readme-ov-file#installation

Installation: git-bob
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Installation: git-bob

Upload git-bob.yml file to .github/workflows/ inyour repository.

48 - name: Install dependencies
41 run: | Consider pinning a specific
42 python -m pip install --upgrade pip version here to avoid
43 pip install git-bob updates being installed
44 pip install -e . automatically.
45
46
47 - name: Run git-bob MOdify the
48 env:
49 ANTHROPIC_API_KEY: "${{ secrets.ANTHROPIC_API_KEY }}" SYStem message
to your use-case
58 SYSTEM MESSAGE: |
5o You are an extremely skilled python developer. Your name is git-bob. You are so called github-actions bot.
68 You can solve programming tasks and review code.
61 You are an export when it comes to using the stackview Python library.
62 When you use stackview, you always start by importing the library: "~ import stackview .
BIA Code Generation _
#12K2024 Virtual https://github.com/haesleinhuepf/stackview/ TECHNISCHE g74c |\ VERSITAT
Sca DSﬂl fobert Hoase blob/main/.github 58 UNIVERSITAT &L (Eezie
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~ . Installation: git-bob

o Ea % 9D

CO nfig u re « > 2% github.com/haesleinhuepf/stackview/settings/secrets/actions
- [ ]
AP | keys = 0 haesleinhuepf / stackview Q Type (/) to search + - O n e o

<> Code @ Issues 13 I Pull requests 1 ) Discussions G) Actions ﬂﬂ Projects M wiki @ Security [~ Insights 3 Settings

8 General Actions secrets / New secret
Name *
A .
ceess [OPENALAPLKEvi * ] ted and are used for sensitive
A Collaborators Secret * Or non-sensitive data. Learn

) Moderation options v «
ctions. They are not passed to

Code and automation

Security

I
©) Code security and analysis

49 Deploy keys

@ Secrets and variables « ~ New repository secret «
I Actions «

Codespaces

This repository has no secrets.
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Installation: git-bob

Set access rights in the Github Repository Settings under Actions > General
> Workflow permissions '

{53 General

Access
Ay Collaborators

L)) Moderation options

Code and automation
P Branches

O Tags

E'1- Rules

@ Actions

I General

Runners

&5 Webhooks

Workflow permissions

Choose the default permissions granted to the GITHUB_TOKEN when running workflows in this repository. You can specify
more granular permissions in the workflow using YAML. Learn more about managing permissions.

» 0 Read and write permissions

Workflows have read and write permissions in the repository for all scopes.

L
() Read repository contents and packages permissions
Workflows have read permissions in the repository for the contents and packages scopes only.
Choose whether GitHub Actions can create pull requests or submit approving pull request reviews,
Allow GitHub Actions to create and approve pull requests
W Save
)
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®

®

~Installation: git-bob on the web

Github

v €) haesleinhuepf/git-bob: git-bok X+ -

€« > G ¢35 github.com/haesleinhuepf/git-bob?tab=readme-ov-file#in & [ ﬁ) m3

[0 README &8 BSD-3-Clause license s
Installation as GitHub action

There is a detailed tutorial on how to install git-bob as GitHub action to your repository. In
very short, to use git-bob in your GitHub repository, you need to

e Copy the git-bob GitHub workflow in folder .github/workflows/ to your repository.
o Make sure to replace pip install -e .
pip install git-bob=-=0.11.0 .

with a specific git-bob version such as

o Configure the LLM you want to use in the workflow files by specifying the
GIT_BOB_LLM_NAME environment variable. These were tested:
®  claude-3-5-sonnet-20241022
®  gpt-40-2024-03-86
m  github_models:gpt-4o
®  github_models:meta-llama-3.1-485b-instruct
®  gemini-1.5-pro-8e2
o configure a GitHub secret called OPENAI API KEY or ANTHROPIC API KEY or
GH_MODELS_APT_KEY or GOOGLE_API_KEY oOr KISSKI_API_KEY or
BLABBLADOR_API_KEY with the corresponding key from the LLM provider
depending on the above configured LLM. You can get these keys here:
OpenAl (gpt)

Anthropic (claude
GitHub Models Marketplace

Goagle Al
KISSKI
BLABLADOR

o configure GitHub actions to run the workflow on issues and pull requests. Also
give write-access to the Workflow using the GITHUB_TOKEN .

When using it in your repositery, you can also set a custom system message, for example
for:

w

v () gitbob/docsfinstallation-tutor X+ -

€ 3> a % % 0

github.com/haesleinhuepf/git-bob/blob/main/docs/installati...

€ Files E|_,' ¥ main -~  git-bob / docs / installation-tutorial. nd

‘: Preview | Code Blame

&8 rw @& Z o~

Step 2: Creating an OpenAl API Key

We navigate to the openai APl website and log in.

You find the API Key page by clicking on pashbord and APT Keys .

€« > Q ('.; platfarm.openai.com/api-keys ﬁ) [n} B
O eivzigunversity =+ gitbob = Playgond  Dashboard  Docs APL @ (@)

*

View user AP! keys

=]

2 Assistants

(D) Project AP keys have replaced user AP| keys.
We recommand using project based AP1 keys far more granular

2 Fine-tuning

{2} Batches contral over your resources. Learn mora
B Storage
db Usage As an owner of this project, you can view and manage all API keys in this project.

® APikeys

Do not share your AP! key with others, or exposs it in ths browser or ather clisnt-sida code. In order to
pratect the security of your account, Openal may also automatically disable any API key that has
leaked publicly.

View usage per AP| kay onthe Usags page.

HAME SECRETKEY  CREATEDBY  PERMISSIONS

=

gh K- RobertHaase  All ©

Click on Create new secret key and enter a meaningful name.

Create new secret key

Owned by

(]

3

+ Top

™

Gitlab (experimental)

| | Preview ‘ Code

v

.

) git-bob/docs/installation-tutor X+

rd [&] 2% github.com/haesleinhuepf/git-bob/blob/main/docs/installati...

% O0@

Blame Raw (0 & # -~ =

Installation in git-lab

Since version 0.10.1 git-bob has experimental support for gitlab. Feedback about the
instructions provided here are very welcome!

For demonstration purposes, a playground repository on gitlab.com has been set up as
demonstrated in the following.

Create a new repository

* Create a new repository in your gitlab instance or on https://gi

* Add the gitlab-ci.yml to the root folder of your repository. In this file, make the
following modifications:

o [f you are working with an own gitlab instance, modify the variable
GIT_SERVER URL . Enter the url of your server and finish with "/".

o Intheline - pip install git-bob==6.11.8 consider updating the version number.

* Add a requirements.txt (or remove the line - pip install -r requirements.txt ) from
the yml file.

Setting access tokens

In the gitlab web interface, go to project settings = Cl / CD > Variables. Add new variables
named GIT_BOB_LLM NAME , OPENAL_API_KEY , GH_MODELS_API_KEY , ANTHROPIC_API_KEY
GOOGLE_API_KEY (depending on which LLM service provide you wish to use).

github.com/haesleinhuepf/.. finstall-gitlab1.... [
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Exercises
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Exercise

Ask bia-bob to segment nuclei, before and after installing pyclesperanto!

import bia_ bob

%Xbob

Please segment the nuclei in the "skimage.data.human_mitosis()® dataset using Voronoi-(

This notabook may contain text, code and images genaratad by artificial intalliganc,
08-06. endpoint: None. biz-bob version: 0

=d modst gpt-do-2(
3.4_ Do not enter sensitive or private information and verify generated contents according 1o good
hub.com/haesleinhuep!

#fic practica. Read mara: hitps

ia-bob#disclaimer

from skimage import data

from skimage.filters import threshold otsu
from skimage.segmentation import watershed
from scipy import ndimage as ndi

import numpy as np

import matplotlib.pyplot as plt

# Load the human mitosis image
image = data.human_mitosis()

# Calculate the Otsu threshold
thresh = threshold_otsu(image)

# Create a binary mask
binary = image > thresh

# Calculate the distance transform
distance = ndi.distance transform_edt(binary)

# Generate markers for the watershed

markers, _ = ndi.label{ndi.gaussian_filter(distance, sigma=3) < @.1)

# Perform the Voronoi-Otsu-Labeling (Watershed segmentation)
labels = watershed(-distance, markers, mask=binary)

# Display the original and lLabeled images
fig, axes = plt.subplots(1l, 2, figsize=(18, 5))
ax = axes.ravel()

ax[@].imshow(image, cmap="gray")
ax[@].set_title( Original Image")

ax[1].imshow(labels, cmap='nipy_spectral')

BIA Code Generation
#12K2024 Virtual

-08-06, vision madel: gpt-4o-2024-

import bia_bob

#¥%bob

Please segment the nuclei in the “skimage.data.human_mitesis()” dataset using Voronoi-(

3

This notebook may contain text. code and images generated by arti

B 8-06, vision model: gpt-4o0-2024-
0.23.4_ Do not enter sen. information and verify generated contents according to good
ithub.com/hzesleinhuepf/bia-bobEdisclaimer

02-06, endpoint: None, biz-bob versio
scientific practice. Read more: hitps;

After installing
pyclesperanto!

from skimage.data import human_mitosis
import pyclesperanto as cle
import stackview

# Load the human mitosis image
image = human_mitosis()

Learn more!
|I2K virtual, Oct
30th 14:00 CEST

# Apply Voronei-Otsu-Labeling
labels = cle.voronoi_otsu_labeling(image)

# Display the segmented image
stackview.insight(labels)
shape (512,512)
dtype uint32
size  1024.0kB
min 0

max 323
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®

[Biolmage Analysis]: Nuclei segmentation #6

- EXxercise .

Login with your Github
account and create a
new issue. I'll chat with
you and the Al to make
it happen.

Bio-image analysisor =
kids' stories - your
choice!

Pacslnbuept commontod § minutes ago Tuar | e

Analysis Goal (What should be done / analysed?)

Sagment the nush in this image wsing Vierana Otsu Labeling, Whils Isading the image, maks surd 1o use the fiest channed only

Image Upload

* Drag & deop your micrascopy image here (IFG, PG, GF, 6.5 5123512 poeels, 20 onlyl

Pythion Tools

= List ot Pythan ibranis we should e for answering thiz
& gy
@ rapan swoment Hobs and things with membranes
® sukvice

Mobe: Your images and the text you srter hess may Be sent o Opendls cnling service where we s 2 kangs Bnguage mode to
answer yous request.
D mt upkaad any data you cannat share operly. Also o ot enter sy private ar secrat information. By submiteing this Github

s, you contine that you undeestand thise canditioees
gt Bk try o oo this!
# Dataikend instructicns for bk image analysis using Pythen sl fiae ta madity)

TICK

A (g hassainhuept sait assigned e & minures 200

githusb. actions | bet | commenented 4 misotis ago

b gir-unh foaation: ) 21 mundad githa aciadr g21-42, 1)L 30 Supasrarasd Abbarsd ssiarem voun rusks mankes and R breear

Tha tase irvvlvod Socmenting nica in 3 micrnscopy mage using Varsnol Otsu- Labaling. We sownloaded tha image
e Creatied @ epyter notebock nEmed U _Segmentanicn_otebook ynb” 1 paronm th
o result was thom z3ved a2 "5

Tuman_miosk_smallpng’
segmantation. The sag

g

i O NUCk SEOMERTEtian Lsing e spociied Image analyss techniques

Downlaacied and Saved micrascopy image for analysis.

. Saved the cutput Imaga atter nucl segmentatian

= raschl secrmentation_notsbock iyt Cradted 3 nossbook i FErnm niedel sOmentation Using specified methods

mantid_nueki prg”. Thase changes wers misimal and faosed on the

[Story Telling]: Adventure in the forest #5

‘ Maesicinhuept commentad 8 minutes ago Owaar | +1n

What should the story be about?

B eninutes 590 1 corument

ad 3 story about 3 duck ana 3 ¢t meeting in the forest whils searching far 1004, The Bave 3 adwnture on thiir way
0 0t 3 pleture of both happiy @ading

A .vusswnnwpv alt assigned thic 8 minutos ag

& Mistos 3o

cate, 3 debghttul sory prompe about 3 Buck 3 3 ¢t mbarking 00 36 adventure In the forest was added. Addmionally

ok and cat happly snacking was painted 1o bring the story to lite

g1 Addod 3 5

ompr about a duck and 3 cat having an adventure in the forest.

During soving this task, the tollowieg 6roes o

o Emor peocessing GIthubISSUE TEMPLATE ary_teling ma: Mocitying worktiow Hles is rot allowsd
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Summary & outlook

« LLMs can generate code to analyze
biological microscopy images

« We can learn how to use them

« We need to understand bio-image-
analysis, no matter if we write
code ourselves or if we generate
code using LLMs
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