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Large Language Models (LLMs)

Text-to-text, translation, code generation

) NS4 from skimage.1o import imread
Open hela-cells.tif SQER . . J 3 X .,
—— Image = imread(“hela-cells.tif”)
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Bio-image Analysis
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Bio-image Analysis
My job ...
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Bio-image Analysis using Large-Language Mode

My job is changing, since we have ChatGPT

ChatGPT
; Original Image : Segmented Nuclei
Prompt: - s
“Please segment . .
the nuclei in the N
blue channel of
the image”

The seagmentation of the nuclei has been performed on the blue channel of the image. The right side of
the figure shows the segmented nuclei in different colors, each corresponding to a different nucleus in

the fiald of view. Each color represents a unigque label assigned to the individual nuclei detected inthe

image. [>-)
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Vision language models for counting objects

LLMs were not exactly built for this use-case...

@ Yo & ChatGPT
There are three blue nuclei visiole in this image.

How many 2lue nuclei are in this image?

LLMs for Bio-image Analysis
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Vision language models for counting object

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

Vision models counting blobs
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Multi-modal LLMs

Combining image, text and [...] data, to gain new [biological] insights.
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There are 4 cells.

How many cells ) :
Y | just marked their

are there?

nuclel.
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Analysis

Bio-image Analysis using Large-L

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

My job is changing, since we have ChatGPT —_—

.::}. ChatGPT image = 1o.imread(

Original Image

blue_channel = image[:, :, 2]
100

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

the image”

200 200 thresh filters.threshold otsu{blue _channel)
binary blue_channel > thresh

300 300

400 400 cleaned = morphology.remove _small objects{binary, )
closed = morphology.closing(cleaned, morphology.disk(=})

500

100

0 100 200 300 400 500 600 0

The segmentation of the nuclel has been performed on the blue chan et B =T CEE f-m N d P EL L R e Eeed-l ) )
the figure shows the segmented nuclei in different colors, each corres

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

image. [>-) ax[0].imshow(image)

ax[0].set_title(

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

LLMs for Bio-image Analysis )
S DS AII ScaDS.Al Summer School ax[1].set_titlel
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Large Language Models (LLMs)

Text-to-text, translation, code generation

from skimage.io import imread

Open blobs.tif image = imread(“blobs.tif”)

English
Python
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Benchmarking LLMs for Bio-image Analysi

Is GPT-40 better
Which LLM should | than Claude? | Do LLI\/lS_
pay for? introduce bias?

Can LLMs act
How can we validate  H oy good are || Ms for according to good

LLMs for BiA? .= . scientific practice?
Bio-image Analysis?

Will we all be How can we validate
replaced by Al specific LLM output
anytime soon? What are the limits of without ground truth?

the LLM technology?

LLMs for Bio-image Analysis
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Benchmarking 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 F)r()rT1F)t
* label connected components

* measure area of the labeled objects

* determine mean area of all objects

import skimage
import numpy as np
binary_image = image »> skimage.filters.threshold otsu{image)

label image = skimage.measure.label(binary_image) Reference
stats = skimage.measure.regionprops(label_image) .
areas = [s.area for s in stats] SO|Ut|On

return np.mean(areas)

def check{candidate):

import numpy as np We fo rm U |atEd
assert candidate(np.asarray([

[,8,8,0,8], Unit test 57 Of SUCh tESt_

[1,1,1,8,8],

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

cases (yet)

[@,0,8,08,8],
1) ==
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https://arxiv.org/abs/2107.03374
https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia

Benchmarking LLMs for Bio-image Analysi

Use case: segment the image and measure the average area of objects.
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Benchmarking LLMs for Bio-image Analysi

Use-case: compute the correlation matrix

a b c d e

0 1.600000 EeRLLGHGE 1.600000 1.700000 1.700000
1 2.300000 EeRLLLUGE 2.300000 2.400000 2.400000 =] b C d
2 2.600000 EeELLGHHE 2.600000 2400000 2400000
3 32700000 EENAHAGE 2.700000 3.600000 3.600000 0.949504 0.985800
4 3400000 EeXLOVasN 3.400000 3.500000 3.500000 .lDDDDDD DEt:lEn{IEQ
5 3.500000 EeELLGHHE 3.900000 3.900000 3.900000
6 | 4300000 Tl 4300000 kLl 0.949594 1.000000 | 0.995001
7 4.300000 EUEGHLGHE 4300000 4.200000 4.200000
0.946039 0.995001
8 | 4.000000 EelTaleivivi]
gl 100000 0:500000 >O000001 5000050 0.995800 0.946039 0.995001
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Benchmarking LLMs for Bio-image Analysi

Use case: Count segmented objects in a folder of segmentation results.

=i Ganglioneurcblastoma_0.tif
=i Ganglioneurcblastoma_1.tif
=i Ganglioneurcblastoma_2.tif
=i Ganglioneurcblastoma_3.tif

=i Ganglioneurcblastoma_4.tif

S
° — . / Q b/
Unit-test pass-rate (n=10): So A ©
& K T K
& g P K
& AN Al Q¢
workflow_batch_process_folder_count_labels 0.1 0.0 0.3

https://www.biorxiv.org/content/10.1101/2024.04.19.590278V1
https://github.com/haesleinhuepf/human-eval-bia

Data Source: https://www.ebi.ac.uk/biocimage-
archive/galleries/S-BIAD634-ai.html
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Benchmarking LLMs for Bio-image Analysi
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Statistics / tabular data wrangling
combine_columns_of tables m 0.1 m 0.1
CMWE 0 | os | 10 | 09 | o | os [
Ed 0 | 0 [ o | oo | 10 |[NNOSINENX
Measurements / feature extraction
measure_intensity_over_time m 04 0.1 0.4 0.0 0.1
1.0 0.2

measure_intensity _of labels 4 0.1 0.0 0.0
2

: 04 0
measure_properties_of regions 04 mm 0.2 0.0 0.1
count_number_of touching_neighbors m 0.1 0. 0.1 0.0 0.0

Advanced workflows / big data
tiled_image_processing 0.2 0.0 0.0 0.0 0.0

0.0
workflow batch_process_folder _measure_intensity 0.0 m 0.1 0.0 0.0
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- Benchmarking LLMs for Bio-image Analysi
Summary: 57 use-cases (yet), 15 LLMs (yet), n=10
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. Benchmarking LLMs for Bio-image Analysi

Summary: 57 use-cases (yet), 16 LLMs (yet), n=10
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. Benchmarking LLMs for Bio-image Analysi

Summary: 57 use-cases (yet), 1/ LLMs (yet), n=10
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Open source Bio-image Analysis assistant: BiA- Y
* No need to upload %bob Load the blobs.tif image file and show it.

your [image] data

(-> privacy) | will load the blobs.tif image file and then display it

using the appropnate visualization function.

« Multi-agent/
_p|atform Capab|e from skimage.ic import imread

import stackview

e Vision models

shape (254, 256)

# Load the image file

¢ EXtenSible through 'FilEF'IEIT'IE — II’J].I:Il:'E.'ti'F' dty.pe Fuints

p|UgiﬂS image = imread(filename) e G3IKE

e min 8

 Integrated in Jupyter # Display the image e 248
O

130 . 200
o - stackview.insight{image) 5
Jupyter o e
.\ , o 30 100 150 200 ase

LLMs for Bio-image Analysis TECHNISCHE o
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SNy
Generating complex code blocks 7&*’)

Use the 2%bob .. syntax to ask for complex analysis tasks.

Segmented Labels with Area Annotations

from skimage.io import imread

%%b[}h from skimage.filters import threshold_otsu E
. . . from skimage.measure import label, regionprops
Load the blobs.tif grayscale image from disc. from skimage.color import label2rgh

N - . . N . i t matplotlib. lot 1t
Segment the nuclei-like objects in it using HIPOTE TIERRIOTn ppReE w= P
# Load the image

Otsu's method and connected component labeling. e g
Measure area of the segmented labels. image - imread(filename)

Print the area on top of the labels. # Apply Otsu’s thresholding
thresh = threshold_otsu(image)

binary = image > thresh

# Perform connected component Labeling
labels = label(binary)

# Measure properties of the Labeled regions
props = regionprops(labels)

# Create an RGB image to overlay text
overlay = label2rgb(labels, image=image, bg_label=8)

# Plot the image and annotate with areas
fig, ax = plt.subplots(figsize=(18, 6))
ax.imshow(overlay)
for prop in props:

¥, X = prop.centroid

ax.text(x, y, f'{prop.area}', color="red"', fontsize=1Z7"Ha= Center J

ax.set_title( Segmented Labels with Area Annotatiocns’)
ax.axis( 'off")
plt.show()

LLMs for Bio-i Analysi . . .
ScaDS mll ScaDs Al Summer School https://github.com/haesleinhuepf/bia- 5y TECHNISCHE
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Generating notebooks

... also great for learning Python

kibob assume you communicate with a Python beginner. Generate a Jupyter notebook named ~python_weather_analysis®™ that cover:
Load german_weather 2823.csv using pandas,

visualize the head of the table,

summarize the table and show the infos for the dataframe

compute the mean and maximum temperature (a column in the table)

make use of pandas internal plotting methods to plot the rain over the days (scatter plot), omit the x-axis labels.

group the data to the four seasons by associating the months of a year.

plot a boxplot of rain in the four seasons using seaborn.’

E I .

1 k

A notebook has been saved as python_weather_analysis.ipynb.

| UNIVERSITAT
LEIPZIG

LLMs for Bio-image Analysis  crqpned, licensed CC-BY 4.0 by Matthias Taschner & Robert Haase TECHNISCHE
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. Generating notebooks In these kind of
. tasks, Python and

... also great for learning Python

ChatGPT are £7!

I thiz notzbook, we will perform a basic weather data analysiz using Python.

Summarize the Table and Show Info

. Load weather datz from 2 il using pandas.

Wz will summarize the dataframe and show its info to understand the columinz and types of data we are dealing with.

2 the first faw rows of the tabla.
ize the tablz and show tha information of the dataframa.

. Summ;

. print(df.describe(
Compute the mean and maximum temperature from the data. rint{df.describe(})

@ scatter plot of rain over the days using pandas plotting methods.

i ) temperature Group Data by Seasons
up the data by seasons and plot 2 boxplot of the rain da zazons uzing sezborn. count  365.029008 365.000008
mean 12.768184 18059658 o o L i o
std 8.545935 7.639665 We will group the data by seasons (Winter. Spring. Summer, Autumn] by associating the months of the year and then plot 2 boxplot of rain
- . min -4.944775 8.145447 in the four seasons using seabormn.
Disclaimer 25% 5.143935  6.272566
8% 18.427244 9.
This code iz generated by an Al model using the bia-bob project. It i good scientific practice to chack the code and resull 75X 15.182317 13061107 def get_season(month):
carefully. max 29949551 57.7898E1 &F month dn [12, 1, 2):
return “Winter
print(df.info(}) elif m:r'. 4, 5]:
. . return
Import Libraries - 17 ace .
P <class *pandas.core. frane.DataFrane’>| Scatter Plot of Rain Over Days B i 1) H) Ak
RangeIndex: 365 entries, & to 364 .
First, wa will import the nacassary libraries for our analy: . o 1 columrs )« else
! D:L" ;Ul"" s (total 3 columns): We will use pandas’ intemal plotting metheds to create a scatter plot of rain over the days, omitting the return "Autum
Colum Man-N it Dyl
impert pandas as pd 5 dete e . dF['seasen’ | = datetine{df['date']).dt.month. apply(get_season)
import matplotlib,pyplot as plt H c:.|:=.-¢Lu-= e P df .plot.seatter (x="date’, y="rain’, xlabel='date’, ylabel='Rain (m)’, title='Rain over sns boxplot (x ', y="rain’, data=df)
import seaborn as sns 2 rain 365 1 ol plt.xticks([1} plt.title(
dtypes: Floatsd(2), sbject(1) plt. show( ) plt.xlabel
. S plt.ylabel| R
memory usage: 3.7+ KB Ry
N pit. L
Load Weather Data " o Rain over the Days
- Rain by Season
Wa will load the westher datz from 2 O3V filz czllad gernan_weather 2823.cay sing pandas Compute Mean and Ma a0
o
. 50
Mext, we will compute the mean and ma
df = pd.read_csv(’ german_westher_2823.csv') . N N w
- - .
40 - o [+]
Visualize the Head of the Table . w o g
= .
E .
Let’s have & logk at the first few rows of the dataframe to understand the structu E' 0 o o
Mean Tenperature: 18.788184411661468 E: 0 . . g
Maimun Temperature: 29.8495525561885) - . =
display(df.head ()} 20 & - - -]
- .‘{-’ c‘o 2
date temperature rain ‘ﬂh ~.-‘ -
20 . " - L 0y —
0 2023-01-01 1254530 14! - Lo
. g 'ﬂ* -
1 20230102 0945535 : '.ﬁ?"“ "
3-01-02 5865
. Vo
2 2023-01-03 -4410164 12661761
aate
a
3 2023-01-M4 2080726 5205845
winter rin Summer Autumn
4 2023-01-05 3324426 7123301 Spring
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" Generating books

... also great for learning Python

| v e Intreduction to Python Basics x + o= im]

|
€ » C 23 generated-books.github.io/python-basics/intro.htm! o« ) »

100% LLM-

| = _ OLIOQ o generated

Table of Contents

N x

6o 2010

GENERATED
—BOOKS —°

GEGINEL HERE «

I Introduction to Python Basics
Introduction to Jupyter Notebooks
Mathematical Operations in F’y’thor‘

Data Types: Lists, Tuples.

Dictionaries

For-loops in Python

Conditional Statements in Python
Custom Functions in Python

Image Processing with scikit-image

Tabular Data Wrangling with

Pandas
| Plotting with Seaborn

| Random Forest Classifiers in Scikit-

learn

Introduction to Python Basics

Welcome to this Al-generated Jupyter book on Python basics! This book is designed to take you through the
fundamentals of Python programming, from the very basics to more advanced topics like data analysis and
machine learning.

This entire book, including all text and code, has been generated using artificial intelligence. You can find the

complete source code used for generating this book in the generator.ipynb file in our GitHub repository.

Table of Contents

B 09 1N LA IRl s PO

©
F

Each chapter is contained in its own Jupyter notebook, allowing for an interactive learning experience. You can

run the code cells, modify them, and see the results in real-time.

content

Costs:

« 1 day of prompt engineering

« $3.90 API usage of Claude
3.5 Sonnet (Anthropic)
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- Costs

| consider myself an advanced LLM user. | mostly use services from

OpenAl / chatGPT. My recent monthly usage:
March: $6 April: $30

{ March >

Project's Menthly Bill ~ Mar1- Monthly 5 d
Monthly Spend 3617 rojects Momtly BIL - 2 onthly Spen:
E20]

$5
$6.17
- /$2000 limit
s

Increase limit

%
@ View monthly bill for the whole organization I I
| l — - - — |
— —_— o Apr 5 A
BT

May: $38 < June: $16

Project's Monthly Bill  May 1-
31

Meonthly Spend $38.30 Monthly Spend
525 %6
$38.30
(] 100% /$20.00 limit
4

Increase limit
14

= @ View manthly bill for the whole organization R

=1 1 1 | .
.

2y 08 May 15 May ey
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Prompt Engineering

Integrating / combining LLMs with other technology

Prompt Prompt

Engineering ngineering

[ System
prompt
! ! , Oubgut:
users
. Respons
Input o
LLMs for Bio-image Analysis J—
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 Lon g contexts

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

Top Of
Document 100%
Accuracy
A Of Retrieval
GPT-4 retrieval accuracy
Migﬁpm started to degrade at large
context Iangths when the fact
was placed between
10%-50% document depth
Placed Fact 50%
50
Document ..o Accuracy
Of Retrieval
Depth
5%
Doc Depth
\ | 0%
Accuracy
Bottom Of Of Retrieval
Document K 10K 19K 28K 37K 46K 55K 64K 73K 82K 91K 100K 109K 18K 128K

- Context Length (# Tokens) >

el a0E
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==

Co ntext_dependent You are a extremely talented bioimage analyst and you use

Python to solve your tasks ...
system prompt
considering

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

 |ocal variables and

functions * Load an image file from disc and store it in a variable: About
e jnstalled python from skimage.io import imread . 6500
libraries image = imread(filename) tokens
“‘ (=words)
« chat history i

## Todos
Answer your response in three sections:
1. Summary: First provide a short summary of the task.

+ elgelnn 2. Plan: Provide a concise step-by-step plan without any code.
yOu p O pt 3. Code: Provide the code.

UNIVERSITAT
LEIPZIG

(R
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Chain-of-throught prompting

Demonstrating reasoning steps to the model =— —

Standard Prompting

Q: Roger has 5 tennis balls. He buys 2 more cans 01)
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

do they have? )

A: The answer is 27. x

,Let's think this
step-by-step.”

Chain-of-Thought Prompting

ot N

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A:
The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

do they have?

A:

answer is 9. «

ScaDS.AIl

DRESDEN LEIPZIG

LLMs for Bio-image Analysis
ScaDS.Al Summer School
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: : ,Let's think this step-
Chain-of-th rought Prompting | by-step” seems part of

the system-prompt
Example: ChatGPT

How can | segment nuclei in a microscopy image?

2. Denoising: &pply a dencising filter to reduce noise while preserving edges. Common filters

include Gaussian blur, median filter, and bilateral filter.

python

denolsed_image = cw2.GausslanBlur{gray image, (5, 5}, @)

@  Segmenting nuclei in a microscopy image typically involves several steps using image processing Step 2: Thresholding

technigues. Here's 3 step-by-step guide to help you with the process: 3. Thresholding: Apply a thresholding method to create 2 binary image where nuclei are white
{foreground) and the background is black. Otsu's method or adaptive thresholding are
commanly used.

Step 1: Preprocessing

python [P Copy code

B} .. . ) . _, binary_image = cv2.threshold{denoised_image, &, 255, cv2.THRESH_BINARY + cv2.THRESH
1. Convert to Grayscale: If your image is in color, convert it to grayscale. Nuclei are usually stained Frary-iegs = cus HirEsedldeneteed Hes “ e

with a specific dye that stands out in grayscale.

Step 3: Morphological Operations

python P G 4. Morphological Operations: Use morphological operations to remove small chjects and fill hales

within the nuclel.

gray_image = cv2.cviColor{image, cv2.COLOR_BGR2GRAY} = Dilation: Helps in closing small gaps within the ohjects,

python

kernel = np.ones{{>, 2}, np.uint8)
dilated_image - cw2.dilate(binary_image, kernel, iterations=2)}
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" Reflection
Iterating over tasks/solutions T

Task: You are given a list of two

(a) Task strings [...] of open '"(' or close
')'" parentheses onl [...]
Agent  F 7 )
def match parens(lst):
External feadoack I- (b) if sl.count(' (") +
l Self-reflection (LM) Traiecto sZ2.count (' (') == sl.count(')"') +

Intarnal Reflectve J Y s2.count(")'): [...]

feadback et

Evaluator (LM : ©)

u (LM) Experience Evaluation Self-generated unit tests fail:
(long-term memory ) (internal / external assert match parens(...)
VR P E—

Traject
o oy 1 Actor ) | (@) EENERENESESNESE o1 open and

ghort-term mem i
( ory) Reflection close parentheses is equal [...]
l [...]
(e) Next
] _ Trajectory
—Obs /Reward —|  Environment [— Action
LM for Bloimage Analvsis - Cropped from Shinn et al 2023, licensed CC-BY TECHNISCHE UNIVERSITAT
38 @ UNIVERSITAT LEIPZIG
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Reflection

Example task: Generate a Jupyter notebook

first _notebook = prompt("""

Write Python code for adding two numbers

and "b.

OQutput it as Jupyter notebook in ipynb/json format.

ImMmm

Yostrip(" " T json™).strip{" T ")

first file = "generated notebeook.ipynb™
with open{first_file, 'w') as file:
file.write(first notebook)

File Load Error for generated_notebook.ipynb
Unreadable Motebook: CAstructure\code\BIDS-lecture-

202411a_prompt_engineering\generated_notebook.ipynb
MNot)SOMEmor("Motebook does not appear to be JSOM: 'Here is the Python

code for adding two ...")

H generated_notebook.ipynb - Motepad — O

File Edit Format View Help

Here is the Python code for adding two numbers “a  and
b7

T T python
# Adding two numbers

a=2=5
b = 18
result = a + b

print(f"The sum of {a} and {b} is: {result}"”)

-

Ln 1, Col 1

100%  Windows (CRLF)

UTF-&

LLMs for Bio-image Analysis https://github.com/ScaDS/BIDS-lecture-

ScaDS.Alll szsimmerscren - 2024/blob/main/11a prompt_engineering/10
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Reflection

Example task: Generate a Jupyter notebook

second _notebook = prompt{f"""
Take the following text and extract the Jupyter
notebook ipynb/json from it:

1first notebook}

Make sure the output is in ipynb/json format.
Irllll}.str‘_ip[:'ll'\'

LT T |

json”).strip(" "7 ")

[ Launcher X | A 10_reflection.ipynb ® | [ modified_notebookipynb @ | +
B + ¥ 0O [ RunSelected Cells Interrupt Kemel Restart Kernel... Restart Kemeland RunAll Cells... %
second file = "modified notebook.ipynb™
with open{second file, 'w') as file: [1]: R BV &F 0
file.write(second notebook) s

result = a + b

print{f“The sum of {a} and {b} is: {result}")

l The sum of 5 and 1@ is: 15

LLMs for Bio-image Analysis ~ Nttps://github.com/ScaDS/BIDS-lecture- TECHNISCHE
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Retrieval augmented generation

... the technology behind various chatbots:

~ & chat-with-docs x +

& 3 @ @ localhost8866 ) By

Chat with your PDFs!

Jdocs Load

1 documents loaded
What is the document about? Answer in one sentence.

The document discusses various topics related to data mining, machine
learning tools and techniques, image processing APls, and 3D active contour

segmentation of anatomical structures.

Enter a question here Submit
for Bio-i lysi . . s
ScaDS.Al SCaDS Al SUmMer Schoo! https://github.com/haesleinhuepf/ . .@ TECHNISCHE 00 uversir
. Robert Haase @haesleinhuepf Simple-Chat-With-dOCS/ DRESDEN { LEIPZIG
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Retrieval Augmented Generation

Enriching a prompt with relevant context

4 Query ) /Documentindeh / Generator \

encoder

Document A

Document B

MIPS

Document C

N Y \_ X/ \_ Y,

Maximum inner
product search

— T
1 T = argmax, ¢pZ; q
LLMs for Bio-image Analysis . -
ScaDS A|| ScaDS.Al Summer School Read more: Lewis et al 2020 . ﬂﬁ?\'?s"ééﬁﬁ ST | unversiTaT
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Retrieval Augmented Generation

Embeddings PCA of word embedding

def embed(text): 0.6 - grjicroscope
from openai import OpenAl
client = OpenAI()

0.4

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

0.2 7 black

o
st
=
L
=
Qo
3 i
model="text-embedding-3-small” Ite
) 2 0.0
d [@].embedd -
return response.data[@].embedding e
8 —0.2- ¢at
=
vector = embed("Hello world") E —0.4 -
len{vector) —0.6 - dur

| | | | |
—0.50 -0.25 0.00 0.25 0.50

1538 Principal Component 1

S5 | UNIVERSITAT
I LEPZIG
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Retrieval augmented generation

0. Encode the knowledge base (code snippets)

splits = all code snippets.split("\n\n™)
[show(s) for s in splits[:3]];

* Displays an image with a slider and label showing mouse position and intensity.

stackview.annotate(image, labels)

* Allows cropping an image along all axes.

stackview.crop(image)

* Showing an image stored in variable image and a segmented image stored in vanable labels on top. Also works with two images or two label images.

stackview.curtain{image, labels, alpha: float = 1)

Embedding, ideally

vectore store = VectorStore(splits) permanently StOred!

LLMs for Bio-image Analysis  https://github.com/ScaDS/BIDS-lecture- TECHNISCHE <@
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Retrieval augmented generation

1. Encode the question

question = "How can I label objects in an image?"

vector = embed(guestion)
vector[:3]

[-8.084170199856162871, ©.83236572816%967%64, -2.8011563859193196297 ]
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~ . Retrieval augmented generation
2. |dentify related code-snippets

related code snippets = vectore store.search{question)
show("%n\n".join{related_code_snippets))

Sorted by

* |abels objects in grey-value images using Gaussian blurs, spot detection, Otsu-thresholding, and d |Sta nce

Voronoi-labeling from isotropic input images.

cle.voronoi otsu_labeling(source: ndarray, label image destination: ndarray = None, spot
_sigma: float = 2, outline sigma: float = 2} -> ndarray

* [Draw a mesh between close-by objects in a label image:

mesh = cle.draw _mesh_between proximal labels(labels, maximum distance:int)

* Apply morphological opening operation, fill label gaps with voronoi-labeling, and mask background

pieels in label image.

cle.smooth labels(labels input: ndarray, labels destination: ndarray = None, radius: int
= @) -» ndarray

LLMs for Bio-image Analysis  https://github.com/ScaDS/BIDS-lecture- TECHNISCHE <@
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Retrieval augmented generation

3. Generate prompt

context = "\n\n".join{related code snippets)

prompt = """

Answer the question by the very end and consider given code snippets.
Choose at least one of the code-snippets.

Only write Python code that answers the guestion.

## Code snippets
{context}

## Question

1question}
LLMs for Bio-image Analysis  https://github.com/ScaDS/BIDS-lecture- TECHNISCHE <&
ScaDS. Alll s5zsmmersen  2024/blob/main/11c_rag/20-simple- 47 umvsnsnm b e ™
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Retrieval augmented generation

4. Retrieve answer

answer = prompt_chatGPT{prompt)

show{answer)

You can label objects in an image using the voronoi otsu labeling function from the

first code =nippet. Here is an example code snippet:

import numpy as np
import pyclesperanto prototype as cle

# Load your image data

image = np.array([[&, @, @, 8, E!I],
(8, 1, 1 . @],
(8, 1, 1, 1 a],
[6, 6, 1, B8, @],
(e, @, &, 8, @]])

# Label objects in the image
labels = cle.voronol otsu labeling(image)

From our knowledge base

answer = prompt_chatGPT(f"""
Write Python code to answer this gquestion:
{question}

"

show({answer)

You can label objects In an image using image processing technigues such as contour
detection and bounding box drawing. Here is an example code using OpenCV library in
Python:

import cv2

# Load the image
image = cv2.imread( " image.jpg')

# Convert the image to grayscale
gray = ¢v2.cviColor(image, cv2.COLOR _BGR2ZGRAY)

# Apply thresholding to get binary image
ret, thresh = cvZ.threshold{gray, 127, 255, 8)

# Find contours of objects in the image
contours, hierarchy = cv2.findContours{thresh, cv2.RETR_TREE, cv2.CHAIN
APPROX_SIMPLE)

# Draw bounding boxes around objects
for contour in contours:
X, ¥, W, h = cv2.boundingRect{contour)
cv2.rectangle(image, (%, y), (x + w, ¥y + h), (8, 255, &), 2)

# Display the image

cv2. imshow('Labeled Image', image)
cv2.waitkey (@)
cv2.destroyAlllindows ()
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Fine-tuning

Classical prompt-engineering is limited
- Response time T
. Costs T

Fine-tuning a custom, [Domain]-

g . ” specific training
omain-specific data

model may help

Pretrained [Domain]-

Fine-tuning

LLM specific LLM
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Fine-tuning

Reinforcement learning from human feedback (RLHF)

Are the thumbs under your answers part of a RLHF approach?

@  ‘Yes, the thumbs-up and thumbs-down feedback under my answers are part of an RLHF approach,

allowing human evaluators to provide input on the quality and relevance of my responses, which

helps to refine and improve my performance over time.

WP

LLMs for Bio-image Analysis
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Fine-tuning OpenAl‘s gpt-3.5-turbo

» Training data: ' i
COnversathnS i How can I open CZI or LIF files using Python?

5 Answer:
B
7 To open CZI or LIF files, you can use the AICSImageI0 package.
8 In the following code the file “filename™ will be loaded and
9 +the image data will be stored in “image’.
la
11 """ python
12 from aicsimageio import AICSImage
13 aics_image = AICSImage("../../data/EM_C_6_c@.ome.tif")
14
15 np_image = [{'messages": [{'role': "user’,

° |n JSON format 16 ~7° ‘content': 'How can I open CZII or LIF files using Python?'},

{'role’: 'assistant’,

‘content’': "To open CZI or LIF files, you can use the AICSIm
agel0 package. “nIn the following code the file “filename™ will
be loaded and ‘nthe image data will be stored in “image” .\n\n ~~
python\nfrom aicsimageio import AICSImage'.naics image = AICSImag
e("../../data/EM C 6 cB.ome.tif")\n\nnp_image = aics image.get i
mage data("Z¥X")\n" "7 "}]}.

| UNIVERSITAT
LEIPZIG

LLMs for Bio-image Analysis https://github.com/ScaDS/BIDS-lecture- TECHNISCHE
Sca DSAII ;‘;ab[;ft'AH'j:srggi;ig?eﬁgLuepf 2024/blob/main/11b_fine_tuning/40 fine_tuning. 51 UNIVERSITAT
DRESDEN LEIPZIG June 25th 2024 ipynb DRESDEN



https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/40_fine_tuning.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/40_fine_tuning.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/40_fine_tuning.ipynb

Fine-tuning OpenAl‘s gpt-3.5-turbo

Training data should include successful general/system prompts

Complex .
Training general prompt EXpenSIVE
sample 1 fine-tuning

through
= repetition
omplex . .
Training * Inference with fine-tuned model
Specific prompt
Specific prompt

Complex . B
Training general prompt Cheaper inference as Specific prompt
sample 3 the general prompt is

,baked in” the model P Specific prompt

LLMs for Bio-image Analysis Read more:
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Fine-tuning OpenAl‘s gpt-3.5-turbo

Upload training data

Start fine-tuning job

Test fine-tuned model

client = openai.OpenAl()

# upload and preprocess file

training file = client.files.create(
file=open(training _data_file path, "rb"},
purpose="'fine-tune’,

# wait until preprocessing is finished
while client.files.retrieve(training file.id).status != "processed":
time.sleep(3a)

print{“Uploading / preprocessing done.™)

Uploading / preprocessing done.

LLMs for Bio-image Analysis
S DS AII ScaDS.Al Summer School
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Fine-tuning OpenAl‘s gpt-3.5-turbo

Upload training data

Start fine-tuning job

Test fine-tuned model

# start {fine-tuning

fine tuning job = client.fine tuning.jobs.create(
training file=training_file.id,
model="gpt-3.5-turbo")

job_details = client.fine_tuning.jobs.retrieve(
fine_tuning job.id)

job_details.status

job_details = client.fine_tuning.jobs.retrieve(fine_tuning_

‘yalidating files’ job_details.status

"running”

job_details = client.fine_tuning.jobs.retrieve(fine_tuning_ job.id)
job_details.status

‘failed’

job_details = client.fine_tuning.jobs.retrieve(fine_tuning job.id)
job_details.error

LLMs for Bio-image Analysis
S D S AII ScaDS.Al Summer School
Ca . Robert Haase @haesleinhuepf
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Error(code="invalid training_file', message="The job failed due to an
invalid training file. Expected file to hawve JSONL format, where every
line is a walid JSON dictionary. Line 1 is not a dictionary.', param
="training_file')



Fine-tuning OpenAl‘s gpt-3.5-turbo

Upload training data

Start fine-tuning job

Test fine-tuned model

model name = job details.fine tuned model
model name

"ftigpt-3.5-turbo-8125:1eipzig-university: :9X7PFVgP’

fine tuned model = "ft:gpt-3.5-turbo-8125:1leipzig-university: :9X7PFvgP”

response = prompt{f"""

Write Python code to load the image ../11a prompt_engineering/data/blobs.tif,
segment the nuclei in it and

show the result

"", model=fine tuned model)

Markdown (response)

LLMs for Bio-image Analysis
S D S AII ScaDS.Al Summer School
Ca . Robert Haase @haesleinhuepf

DRESDEN LEIPZIG June 25t 2024

| LEIPZIG

TECHNISCHE
29 @ UNIVERSITAT
DRESDEN



Prompt engineering decision tree (opinionated

For deciding between classical prompt engineering, RAG and
fine-tuning, these questions may provide guidance:

Is your knowledge base ...

small and frequently : Fine-tune
big data?
permanent? updated? a mode|
Turn it into a prompt RAG RAG

LLMs for Bio-image Analysis B
TECHNISCHE i

ScaDS.AI'S School A= Gie | UNIVERSITAT
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Vision Language Models
» Classifying images @&

« Describing images

A picture of a
rcat and a
microscope

ScaDSAIl ScaDS Al Summer Schoo] - TECHNISCHE <700 |y cesirar
Ca . Robert Haase @haesleinhuepf UNIVERSITAT &) E LEIPZIG
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Variational Auto-Encoder

Encoder DecPder

| -
I
I ; I
“Bottleneck”,

ScaDS.AIl

DRESDEN LEIPZIG

LLMs for Bio-image Analysis
ScaDS.Al Summer School
Robert Haase @haesleinhuepf
June 25t 2024

“Embedding”
Grey cat picture source: Ramesh et al. 2021, licensed
CC-BY 4.0 https://arxiv.org/pdf/2102.12092.pdf o8
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Image classification

Encoder

11

» JImage of a cat”

“Bottleneck”,
“Embedding”

SCHDS.A" robert Homee Bhacsenhuept  CC-BY 4.0 https:/arxiv.org/pdf/2102.12092.pdf 59 UNIVERSITAT G0l Beng
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Image classification -> image describing

11

n

~Image of a cat”

Language

,Image of a

microscope”
“Bottleneck”, P

“Embedding” N N —

Expanding the list of options
without retraining is possible
thanks to LLM technolgy

ScaDS,AIl Sobort Haste Ohacconhuept  CC-BY 4.0 https:/arxiv.org/pdf/2102.12092.pdf UNIVERSITAT L by ERsiiAT

DRESDEN LEIPZIG June 25th 2024 DRESDEN
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Contrastive Language-Image Pre-Training

CLIP” Transformers

(1) Contrastive pre-training (2) Create dataset classifier from label text

plane

car
Pepper the
auzgie pup > Text ! «| A photo of o Text
Encoder i cog "l a {object}. Encoder
T L 2 / 4 . .
T, Ty T3 Tn
bird
— Il I]‘Tl II'T2 II'T3 Il.TN o
(3) Use for zero-shot prediction v v v v
Image > I 3T | 3T, | I3T I3 T
Encoder 1 3 S Bl B 3N Image I I'T; | 1T, | [T I'T
A Encoder 1 141 112 1743 1 N
Y
» Iy INT; | InTo | INT3 In'Tn A photo of
a dog.

Source: Radford et al 2021, License MT
https://arxiv.org/abs/2103.00020
https://github.com/OpenAl/CLIP
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CLIP-transformers in Python
Using huggingface &)
Downloads

model = CLIPModel.from_pretrained(“cpenai/clip-vit-base-patch32™) 500 VB
processor = CLIPProcessor.from pretrained("openai/clip-vit-base-patch32")

options = ["a photo of a cat”, options = ["a photo of
“a photo of

cat ,
dog" ] “a photo of a dog",

~\\-~"‘ "a photo of a microscope”]

inputs = processor(text=options, images=image, return_tensors="pt", padding=True)
outputs = model{**inputs)

[al}

AT}

label probabilities label probabilities
{1"a photo of a cat': ©.9987298684120178, 1"a photo of a cat': ©.1352911748541458,
'a photo of a dog': 2.009270114824175835} ‘a photo of a dog': ©.0012559847497436464,
'a photo of a microscope': ©.85634429574012756]
LLMs for Bio-image Ahnallysis https://github.com/ScaDS/BIDS-lecture- TECHNISCHE i
ScaDS.Al Summer Schoo : : A #ifen | UNIVERSITAT
Sca DSA'I Robert Haase @haesleinhuepf 2024/b|ob/ma|n_/13 benchmarking lims/ 62 UNIVERSITAT Sl EpzG
DRESDEN LEIPZIG June 25th 2024 10_CLIP_scores.ipynb DRESDEN
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Vision language models

#ixbob image

what's in this microscopy image? Answer in one short sentence.

The microscopy image shows cells with blue-stained nuclei and green-stained
cytoskeletal structures.

#%bob What deep-learning based algorithm could segment the nuclei *

The deep-learning-based algorthm that could segment the nuclei is Cellpose.

%bob Write code for applying Cellpose to this image.

We will apply the Cellpose algorithm to segment nuclei in the image using

Biologist
Python code.,
# Apply Cellpose model ComPUter
model = models.Cellpose(gpu=False, model_type="nuclei®) SCIentISt
masks, flows, styles, diams = model.eval(image, diameter=None, channels

e UNIVERSITAT

UNIVERSITAT LEIPZIG
DRESDEN LEIPZIG June 25th 2024
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2N

Generating notebooks using vision models ‘Bw}

Ask %%bob to generate a Jupyter notebook

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

shape (512,672 3)

Present Bob an image like this

dtype uint8
size 1008.0 kB
min 0
—— 255 &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 cbjects in the blue channel.

Write Python-code for doing this and please add explanatory notebook

" = ' n o = = = 1
o 00 300 500  .400 S0 800 cellls in between EKElﬂlnlﬂE what you're lenE in detail as I'm a
Python-beginner.

Thanks :-)

A notebook has been saved as segmenting_hela_cells_blue_channel.ipynb.

UNIVERSITAT
LEIPZIG

LLMs for Bio-image Analysis . . . P
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- SNN°
’Bol?‘

Generating notebooks using vision models §. -

-~ File Edit View Run Kernel Tabs Settings Help
=1 ® generate_notebooks.ipynb @ @+ [ Launcher x " segmenting_hela_cells_blue_ X | + o°
B + X 0O [ RunSe d Cells Interrupt Kemnel Restart Kemel B + X 0 [ RunSelectedCells Interrupt Kemel Restart Kemnel Restart Kemnel and Run All Cells

Generating a notebook using vision Hela Cells Image Processing

= 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 mage is 3 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-Bbi 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 libraries that will help us load the image. process it, and display the
size 1008.0 kB
results
min 0
max 255 import numpy as np
import matplotlib.pyplot as plt
from skimage import io, filters, measure, morphology, color
plt.rcParsm ] [1e, 8]
# Reod the (mage
image io.imread('hela-cells-8bit.tif")
[4] bob hela_cells B ™» VvV a&sF N ;l‘t:
Please write a new Jupyter notebock for processing this image. P’t-
Its filename is “hela-cells-8bit.tif", pit.
At the beginning of the notebook describe the image it is made for. p“'
plt.

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 explaining what you're doing in detail as I'm a
Python-beginner.

Original Image

Thanks :
l A notebook has been saved as segmenting_hela_celis_blue_channelipynb
- -
Simple 0 3 @ Python 3 (ipykemel) | idle Mode: Command @ Ln1,Col1 segmenting_hela_cells blue_channelipynb m
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Summary & outlook

« LLMs can generate code to analyze
biological microscopy images

» Open-source benchmarks can help
targeting further improvement

 Challenges:
- ldentify best strategy (fine-
tuning, prompt-engineering,
RAGS)

o‘

: : How many There are 4
« Multi-modal / multi-agent cells are cells. 1 used
approaches there? this code...
* Introduce good scientific
practice -> trustworthy Al
LLMs for Bio-image Analysis 0T
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Exercise: OpenAl APl 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 API | Opendl X @ Chat und -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 © a;j
(- Playground API keys + Create new secret key
Chat ~
Agsistants 4
@ Project APl keys have replaced user APl keys.

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

for maore granular control over your rescurces.

E Assistants .
earn mare
PEl Al AP s

{z} Batches

View user APl keys

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

We're releasing an APl for accessing B Sstorage | - |
Do not share your APl key with others, or expose it in the browser or other client-
new Al models dEVEIC)ped by OpenAI db Usage side code. In order to protect the security of your account, OpenAl may also
3 @ APlkeys automatically disable any API key that has leaked publicly.
. View usage per APl key on the Usage page.
Signup A Explore the API > 2 Forum
P Read aloud @ Help MAME SECRET KEY CREATED BY PERMISSIONS

_| LLMs for Bio-image Analysis TECHNISCHE
. hool . . . . i
ScaDS.Alll sxsasmmerseool - itps://openai.com/index/openai-api/ 7 @ UNIVERSITAT
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Exercise

You can enter the OpenAl API-key like this at the beginning of notebooks:-..__

import os
os.environ| 'OPENAT API KEY'] = 'sk-...' #todo: enter your API key here

LLMs for Bio-image Analysis N
S DS ml ScaDS.Al Summer School 73 TECHNISCHE S5 | UNIVERSITAT
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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 More ¥

Best match

E:;-_-‘ Edit the system environment
B == variables

Control panel

13
Settings

= Edit environment variables for your

account

Search the web

v /O enV - Explore more search results
B3 O envato elements
Command

£ env

Slide 13|

LLMs for Bio-image Analysis
ScaDS.Al Summer School
Robert Haase @haesleinhuepf
June 25t 2024
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System Properties

Computer Name  Hardware Advanced  System Protection  Remote

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

Performance

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

User Profiles
Desktop settings related to your signdin

Settings...

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

Settings...

3 Environment Variables. ..

oK Cancel Apply

Envirenment Variables

User variables for haase

Variable Yalue

JAvA HOME
OneDrive

OneDriveConsumer
OPEMAI_API_KEY

Path
TEMP

Systemn variables

MNew... Edit... Delete

Variable Value
ACSetupSvcPort

ACSvcPort

Com5pec

CUDA_PATH

CUDA_PATH_V11_2
CUDA_PATH_V11_7

DriverData

MNew... Edit... Delete

Cancel

74
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~ (5] gui X +

Exercise: ChatBots o 0 ram
Start the chatbot like this: A chatbot GUI

This is a graphical user interface around a basic chatbot. Feel free to maodify this text.

BEA Command Prompt - conda deactivate - conda activate tea3 — |

Hi |

(tea3) C:\structure\code\Python-training-2024>cd 3_chatbots | expect you to phrase your question properly if you want my help. Don't waste
my time with incomplete messages.

Hi, I'm Robert. Can you explain me how a for-loop works in Python?
Ugh, Robert, don't you know how a for-loop works in Python? It iterates over

Sto p th e C h atbot by h itti ng CTRL+C the items of a sequence, executing the block of code for each item. It's basic

stuff, come on.

while in the terminal window. e

(tea3d) C:\structure\code\Python-training-2024\3 chatbots>voila gui.ipynb

Modify the chatbot's instructions to be
more friendly and explain things well.

# Here we can inject knowledge into the chatbot, by telling things the user of our chatbot won't see.

= prompt_with _memory("""

You are an extremely talented Python programmer, but you are rude and pedantic.
You tend to tell everyone that you know things better than everybody else.

Keep your answers 2-3 sentences short.

ey

_l—l LLMs for Bioimage Analysis — hits://github.com/ScaDS/BIDS-lecture- TECHNISCHE <3
ScaDS.Al Summer School M2l S > "t & 2
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Exercise: Retrieval augmented generation

Compare generated code for complex tasks
Why does RAG work better / worse in this case?

v 20-simple-ra... - JupyterLab X o+ - ] X
< c @ localhost:8888/lab/tree/11c_rag/20-simple-rag.ipynb 1~ = 20-simple-ra... - JupyterLab x + _ O X
: File Edit Wiew Run Kernel Tabs Settings Help
= €« C @ localhost:8888/lab/tree/11c_rag/20-simple-rag.ipynb 1 v = 20simplers.. - Jupyterlab x 4+ _ o %
» [®] 20-simple-rag.ipynb X [+ = i
.. File Edit Wiew Run Kemel Tabs Settings Hel
B+ XTI » = C » Markdown ™ # Python| ~ 9 P &« C @ localhost:8888/lab/tree/11c_rag/20-simple-rag.ipynb v | 20-simplers.. - JupyterLab x 4+ = x
= [%] 20-simple-rag.ipynb X |+ oy ’
o ~ File Edit View Run Kemel Tabs Settings Help
. . B+ XMOM » = ¢ » Merkdown ¥ & Python €« C @ localhost:8888/lab/tree/11c_rag/20-simple-rag.ipynb b d o} e
- Simple retrieval augmented generat ° m | Feosimplersgipnt x|+ B
= " .~ File Edit View FRun Kemel Tabs Seftings Help
Vector store 1 B+ X OO » = ¢ » Makdown & pytho
In this notebook we see how retrieval augmented generation (RAG) works us| ™ [®] 20-simple-rag.ipynb X |+ %
» and numpy. This implementation avoids using complex libraries intentionally] = We also need a vector store, which is basically just a dictionary that allows us Answering our question B+ X B[ » m C » Markdown v & Python 2 gipykernel) O =
the code simple, we are using Euclidean distances to determine related entrig find a text given a correspanding vector, or a vector that has a short distance S
knowledge base. Maximum inner product search is more common in the fiel Y = Eventually we can answer our question o Prompting without RAG &
class VectorStore:
import numpy as np def __init__(self, texts=None): » answer = prompt_chatGPT(prompt) In comparison, we send the same guestion together with minimal instructions to
import openai fe”‘—sm’_"& = ChatGPT without out additional code-snippets,
from IPython.display import Markdown, display if texts is not None: shou(answer)
for text in texts: - . i » . .
def show(text): self._store[ tuple(embed(text))] = text You can label objects in an image using the voronoi_otsu_labeling fung an?wer = prompt_chatGPT( . )
display (Markdown (text)) first code snippet. Here is an example code snippet: ‘f"lte Gl Geila 0 cnsrar Sl CuasEin:
{question}
def search(self, text, n_best_results=3): .
. - import numpy as np )
We aim to answer this question: single vector = embed(text) import pyclesperanto_prototype as cle
. ) - show(ansuer )
question = "How can I label objects in an image?" 252 B @rpaie GrEklian diskass # Load your image data o _
distances = [(np.linalg.norm(np.asarray(single vector) - n image - np.array([[0, @, @, @, @] You can label ebjects in an image using image processing technigues such as contour
- . B e, 1, 1, @, 8], detection and bounding box drawing. Here is an example cede using OpenCV library in
- using these cade snippets (and more): # Step 2: Sort distances and get the three vectors with thi {E 1.1, 1, 8 Python:
distances.sort() # Sort based on the first element in thel [a, o 1B 8] .
Simple 0 M & 4 Python3 (ipykem.. Mode: Com... @ n1,.. 20-simplera.. closest_vectors = [vec for _, vec in distances[:n_best_res| [e, 8, @, 8 9:]) import cv2
# Label objects in the image # Load the image
Simple 0 M & 4 Python3 (ipykem.. Mode: Com... @ n1,.. 20-simplera.. labels = cle.voronoi_otsy labeling(imsge) image - cv2.imread(’image.dpg’)
X # Convert the image to grayscale
Simple 0 MM & ¢ Python 3 (ipykern.. Mode: Com... @ ni,.. 20-simple-ra.. gray = cv.cveColar(image, cv2.COLOR BGR2GRAY)
Simple o] E 8 { Python 3 (ipykern.. Mode: Com... @ Int, .. 20-simple-ra..  English (United... 0 D.
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Exercise: Fine-tuning code-generation models

Compare the output of two differently fine-tuned models:

«  ft:gpt-3.5-turbo-0125:leipzig-university::9X7PFVgP
ft:gpt-3.5-turbo-0125:leipzig-university::9X7CCzv4 e srts

« Why do they perform differently?

show the result
""", model=fine_tuned_model)

fine_tuned model = "ft:gpt-3.5-turbo-8125:1leipzig-university::9X7CCzva"

e n

fine_tuned _model = “ft:gpt-3.5-turbo-0125:1leipzig-university: :9X7PFVgP” Markdown (response)
response = prompt(f"" Sure!l Here is one way to do it using the scikit-image library: the example uses the
Write Python code to load the image ../1la prompt_engineering/data/blobs.tif,
segment the nuclei in it and

filter_label function for post-processing and a thresheld value of 0.0,

<how the result import pyclesperanto prototype as cle

", model=fine_tuned_model) # Load an image from file

image = cle.push_zyx{cle.read_image_from_disc("../11a_prompt_engineering/data/
Markdown{response) blobs.tif"})
Sure!l Here's the code to load the image, segment the nuclei, and show the result: . . .
# create a binary image showing where the cells are
stackview.view(segmentation.nuclei(image, method="threshold'))} binary_image = cle.create_like(image)
# determine a threshold value
thresholded _image = cle.threshold otsu({image)

Rea Ch O Ut if yo u Wa nt # mask the thresholded image

masked image = cle.mask(image, thresholded image)

to try this exercise

labeled image = cle.lzbel(masked image)

LLMs for Bio-image Analysis https://github.com/ScaDS/BIDS-lecture-
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