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Quiz: Recap

• In order to train a random forest pixel classifier you 
need…

Instance 
annotation

Semantic 
annotation

Sparse instance 
annotation

Sparse semantic
annotation
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Quiz: Recap

•Noise2void requires as input

Image + 
annotation

One high-
quality and a 
low-quality 

image 
Two low-quality 

images
A single noisy

image



Robert Haase
@haesleinhuepf
BIDS Lecture 10/14
June 4th 2024

4

Quiz: Recap

• The flow fields in the 
CellPose algorithm are 
used to…

Measure velocity of 
objects over time

Determine 
object borders

Detect object 
centroids

Characterize
texture of objects

Image source: Modified from Stringer et al (2020) licensed CC-BY-NC 4.0
https://www.biorxiv.org/content/10.1101/2020.02.02.931238v2.full 

http://creativecommons.org/licenses/by-nc/4.0/
https://www.biorxiv.org/content/10.1101/2020.02.02.931238v2.full
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Generative Artificial Intelligence

Ein Bild mit 

einer Katze 

und einem 

Mikroskop

A picture of 

a cat and a 

microscope

1 source: 
https://en.wikipedia.org/wiki/Generative_artificial_intelligence 

• Definition: “Generative artificial intelligence […] is a type of artificial intelligence (AI) 
system capable of generating text, images, or other media in response to prompts.”1

• Commonly based on Neural Networks

• Bridges fields:
• Natural Language Processing (NLP)
• Computer Vision (CV)

• Use-cases
• Translating text
• Writing emails, text, grant proposals
• Summarizing articles
• Writing code
• General question answering
• Image generation
• Image interpretation / analysis

„Large Language 
Model“, 

„Transformer“

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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Generative Artificial Intelligence

A picture of 

a cat and a 

microscope

1 source: 
https://en.wikipedia.org/wiki/Generative_artificial_intelligence 

• Definition: “Generative artificial intelligence […] is a type of artificial intelligence (AI) 
system capable of generating text, images, or other media in response to prompts.”1

• Commonly based on Neural Networks

• Bridges fields:
• Natural Language Processing (NLP)
• Computer Vision (CV)

• Use-cases
• Translating text
• Writing emails, text, grant proposals
• Summarizing articles
• Writing code
• General question answering
• Image generation
• Image interpretation / analysis

„Text-to-image 
model“

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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Generative Artificial Intelligence

A picture of 

a cat and a 

microscope

1 source: 
https://en.wikipedia.org/wiki/Generative_artificial_intelligence 

• Definition: “Generative artificial intelligence […] is a type of artificial intelligence (AI) 
system capable of generating text, images, or other media in response to prompts.”1

• Commonly based on Neural Networks

• Bridges fields:
• Natural Language Processing (NLP)
• Computer Vision (CV)

• Use-cases
• Translating text
• Writing emails, text, grant proposals
• Summarizing articles
• Writing code
• General question answering
• Image generation
• Image interpretation / analysis

„Vision Language Model“, 
„image-to-text model“

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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Generative Artificial Intelligence
• Definition: “Generative artificial intelligence […] is a type of artificial intelligence (AI) 

system capable of generating text, images, or other media in response to prompts.”1

• Commonly based on Neural Networks

• Bridges fields:
• Natural Language Processing (NLP)
• Computer Vision (CV)

• Use-cases
• Translating text
• Writing emails, text, grant proposals
• Summarizing articles
• Writing code
• General question answering
• Image generation
• Image interpretation / analysis

1 source: 
https://en.wikipedia.org/wiki/Generative_artificial_intelligence 

How many 

cells are 

there?

There are 4 

cells. I just 

marked their 

nuclei.„Multi-modal 
model“

https://en.wikipedia.org/wiki/Generative_artificial_intelligence
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Variational Auto-Encoder
• Turning pixels into

„meaning“ and back 
to pixels.

Encoder Decoder

“Bottleneck”, 
“Embedding”

O
u

tp
u

t

In
p

u
t µ

σ Sa
m

p
le

r

Cat picture source: Ramesh et al., licensed CC-BY 4.0 
https://arxiv.org/pdf/2102.12092.pdf 

1 2

http://creativecommons.org/licenses/by/4.0/
https://arxiv.org/pdf/2102.12092.pdf
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Generative Pretrained
Transformer (GPT)
• To enforce specific

outputs, one needs
another entrance for
data into the
training.

Encoder Decoder

Input

Output

Output

Masking

1

2

3

To avoid
cheating

while
training
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Generative Pretrained
Transformer (GPT)
• Stacks of encoders

and decoders
arranged like this:

Cropped from Alammar (2018), licensed CC-BY-SA 4.0. 
https://jalammar.github.io/illustrated-transformer/

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://jalammar.github.io/illustrated-transformer/
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Generative Pretrained
Transformer (GPT)

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

Encoder
Decoder

Vectors and 
matrices

https://arxiv.org/abs/1706.03762
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Generative Pretrained
Transformer (GPT)
• Task: Translation

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

Example input:
Die Katze sitzt neben dem Mikroskop

Example output:
The cat sits next to the microscope

Masked out

Last word probabilities
(according to context): 
Heating: 0.9
Food: 0.8
Dog: 0.2
Microscope: 0.01Microscope: 0.2

Mikroskop

https://arxiv.org/abs/1706.03762
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Generative Pretrained
Transformer (GPT)
•Words need to be converted

into vectors to enable NNs to
process them.

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

“fur”“white”

“cat”
“black”

“microscope”

0

0

1

1

Word Embedding 

https://arxiv.org/abs/1706.03762
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Attention is all you need
• The position of the word in the

sentence / context may have
influence on its meaning.

Figure source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

The cat sits next to a microscope.

Next to the microscope there is a cat.

https://arxiv.org/abs/1706.03762
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Attention is all you need

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

https://arxiv.org/abs/1706.03762
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Scaled dot-product attention
• Attention score: How much related are two words?

• Query: For which word are we calculating attention?

• Key: To which word are we calculating attention

• Value: Relevance of the query-key relationship 

The cat is black and white.

The cat is meowing.

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 
See also: https://www.youtube.com/watch?v=sznZ78HquPc 

attention score
Relevance value: 0.1

attention score
Relevance value: 0.9

https://arxiv.org/abs/1706.03762
https://www.youtube.com/watch?v=sznZ78HquPc
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Attention is all you need

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

https://arxiv.org/abs/1706.03762
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Multi-head attentions
• Multiple aspects represented by multiple attention heads

Source Figure left/right: Alammar (2018), licensed CC-BY-SA 4.0. 
https://jalammar.github.io/illustrated-transformer/
Source Figure center: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://jalammar.github.io/illustrated-transformer/
https://arxiv.org/abs/1706.03762
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Attention is all you need

Source: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

https://arxiv.org/abs/1706.03762
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Attention is all you need
• Summary

Encoder

Decoder

Source Figure right: Alammar (2018), licensed CC-BY-SA 4.0. 
https://jalammar.github.io/illustrated-transformer/
Source Figure left: Vaswani et al (2017)
https://arxiv.org/abs/1706.03762 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://jalammar.github.io/illustrated-transformer/
https://arxiv.org/abs/1706.03762
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Example applications
• Translation (e.g. English -> Python)

•Next word prediction (a.k.a. auto-completion)

Write „Hello World“ 
on the screen.

Print(“Hello…

print(“Hello world“)

World“)
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Example applications
• Function calling (choosing a tool)

Given a list of tools…
• get_current_time
• order_food
• book_room
… and a task:
Please book meeting room 3 
for Robert at 3pm.
Which is the right tool to use?

book_room

Some kind of 
next-word

prediction task
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Example applications
• Function calling (parameterizing)

Given a function signature…
book_room(room, time, person)
… and a task:
Please book meeting room 3 for
Robert at 3pm.
How could I use the tool?

book_room(“Meeting Room 3“,
“3pm“, “Robert“)

Some kind of 
translation task
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Example applications
• Function calling (parameterizing)

Given a function signature…
book_room(room, time, person)
… and a task:
Please book meeting room 3 for
Robert at 3pm.
How could I use the tool?
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Function calling
•Compatible models are rare

https://ollama.com/library/mistral 

https://ollama.com/library/mistral
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Function calling
•Under the hood: JSON
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Function calling
• In Python / ollama
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Function calling
•API-compatibility yet challenging (in python)

Directly
accessing the
REST API

function_calling.py
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Function Calling using LangChain
• LangChain is used to combine tools. 

• It uses various LLMs under the hood.

https://github.com/langchain-ai/langchain  
https://scads.github.io/prompt-engineering-tutorial-
2023/01_prompts/07_langchain.html 

https://github.com/langchain-ai/langchain
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/07_langchain.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/07_langchain.html
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Function Calling using LangChain
• After combining tools, large langue model and memory in an agent, you can interact with it.

https://github.com/langchain-ai/langchain  
https://scads.github.io/prompt-engineering-tutorial-
2023/01_prompts/07_langchain.html 

https://github.com/langchain-ai/langchain
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/07_langchain.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/07_langchain.html
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Function
calling
• Hallucinations

Obviously, 
that’s not 

true.
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Function
calling

• Mapping multi-
parameter / type 
functions is
challenging when
using LangChain

• Necessary
because of lazy
(delayed) 
evaluation

https://github.com/haesleinhuepf/blablado/blob/
4bc55c70f5219a9bcab571e96f09b1cd664baead/sr
c/blablado/_assistant.py#L42  

https://github.com/haesleinhuepf/blablado/blob/4bc55c70f5219a9bcab571e96f09b1cd664baead/src/blablado/_assistant.py#L42
https://github.com/haesleinhuepf/blablado/blob/4bc55c70f5219a9bcab571e96f09b1cd664baead/src/blablado/_assistant.py#L42
https://github.com/haesleinhuepf/blablado/blob/4bc55c70f5219a9bcab571e96f09b1cd664baead/src/blablado/_assistant.py#L42
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Simplification: bla-bla-do
• A simple API to manage callable functions and calling them.

• Define tools

• Invoke tools

• Check memory



Robert Haase
@haesleinhuepf
BIDS Lecture 10/14
June 4th 2024

35

Simplification: bla-bla-do
• Use classes for more complex tasks

• Define + register tools • Invoke tools

It infers the
purpose of the
function from
the docstring

It infers the
purpose of the
function from
the docstring
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Voice Assistance
• Combining voice recognition with large language models

https://github.com/haesleinhuepf/blablado
https://github.com/haesleinhuepf/blablado/blob/main/d
emo/microscope_stage_demo.ipynb 

https://github.com/haesleinhuepf/blablado
https://github.com/haesleinhuepf/blablado/blob/main/demo/microscope_stage_demo.ipynb
https://github.com/haesleinhuepf/blablado/blob/main/demo/microscope_stage_demo.ipynb
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napari-chatGPT
• Napari-chatGPT can automate programming plugins / “widgets”.

37Source: https://github.com/royerlab/napari-chatgpt (BSD3 license)
https://twitter.com/loicaroyer/status/1653600252807757824   

https://github.com/royerlab/napari-chatgpt
https://twitter.com/loicaroyer/status/1653600252807757824
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A little warning

• napari-chatGPT executes code and installs software on your machine.
• Use it with care! E.g. in a virtual machine / sandbox / conda environment

38
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Deconstruction of napari-chatGPT
•Napari-chatGPT defines a list of “tools”

39https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/omega/tools/google_search_tool.py 
https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/utils/google.py#L58 
Code origin: https://github.com/Nv7-GitHub/googlesearch   

https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/omega/tools/google_search_tool.py
https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/utils/google.py#L58
https://github.com/Nv7-GitHub/googlesearch
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napari-chatGPT
•Napari-chatGPT defines a list of “tools”

40https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/omega/tools/google_search_tool.py 
https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/utils/google.py#L58 
Code origin: https://github.com/Nv7-GitHub/googlesearch   

https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/omega/tools/google_search_tool.py
https://github.com/royerlab/napari-chatgpt/blob/aa00b48d0523da588ece5dc8cdb006c895c4b473/src/napari_chatgpt/utils/google.py#L58
https://github.com/Nv7-GitHub/googlesearch
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CENTER FOR SCALABLE DATA ANALYTICS AND 
ARTIFICIAL INTELLIGENCE

Exercises

Robert Haase
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Optional exercise
• Preparation for next week (!)

• Select some of your most favorite 
code snippets from this course and 
submit them as pull-request to this 
file 

• https://github.com/ScaDS/BIDS-lecture-
2024/blob/main/11b_fine_tuning/questi
on_answers_hand_crafted.txt 

Question: 

Can you provide Python code to segment nuclei in a 

microscopy image?

Answer:

The following code is performing these steps:

1. It imports the necessary functions and 

libraries.

2. It applies a top-hat filter to the input 

`raw_image` to subtract the background.

3. It applies voronoi-otsu labeling to the 

background-subtracted image to segment nuclei.

4. It displays an the segmented nuclei with labels.

```python

from skimage.io import imread

import pyclesperanto_prototype as cle

from stackview import imshow

import matplotlib.pyplot as plt

background_subtracted = cle.top_hat_box(raw_image, 

radius_x=5, radius_y=5, radius_z=5)

nuclei = 

cle.voronoi_otsu_labeling(background_subtracted)

imshow(nuclei, labels=True)

```

I will use this to fine-tune 
a chatgpt model for you.

https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/question_answers_hand_crafted.txt
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/question_answers_hand_crafted.txt
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11b_fine_tuning/question_answers_hand_crafted.txt
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Exercises: LangChain
• Figure out when code is actually executed.

43https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/
07_prompt_engineering/20_langchain.html 

https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/20_langchain.html
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/07_prompt_engineering/20_langchain.html


Robert Haase
@haesleinhuepf
BIDS Lecture 10/14
June 4th 2024

44

Exercises: Prompting image analysis tasks
• Extend the LangChain notebook to enable the agent to 

measure objects in images.
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Exercises: Prompting image analysis tasks
• Implement multiple segmentation tools and guide the agent to use the right 

one, e.g. for segmenting and image showing bright membranes

• Also ask the agent how it made its choice.
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Exercise: bla-bla-do
•Add zoom-capabilities to the AI-controlled microscope



Robert Haase
@haesleinhuepf
BIDS Lecture 10/14
June 4th 2024

47

Exercise: Jupyter magics
•Build a Jupyter-based chatbot that can process images.
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