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Important Notice

• Check privacy rules (apps may use 
your private data)
• Be careful: always check the results
• No liability for your use of the AI tools
• Field is rapidly evolving
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Outline

• Prompt Engineering in Large Language Models (LLM)
• Using Large Language Models (LLM) to do AI 
• An example of using AI in research
• Convenient platforms for using AI in research



Background



How do we train language models?

Image from stack exchange

Image from SBERT.net



Reinforcement Learning Human Feedback (RLHF)

Image from Labellerr



Hallucina(ons In Large Language Models

A"er training, Large Language Models
(e.g. ChatGPT) tend to ‘make up stuff’:

Image credits: OpenAI, h4ps://www.reddit.com/r/howyoudoin/comments/w66c4k/this_is_my_least_favourite_storyline_in_the/



Data in -> Data out

● An important reminder is that AI systems are trained with data 
provided by humans 

● Biases in the data impact their output
● AI systems interpolate the data so they may create combinations that 

are not `natural’ to us
● Things improve all the time
● AI has a lot of advantages
● Understanding the AI mechanism help understand (some of) its 

mistakes
● You are the one responsible for the results!



Advantage of using LLMs in research 



How to use your 
Large Language Model (LLM)?



How to use your 
Largage Language Model (LLM)?
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› Please ask me as many ques-ons as you want

Prompt Tuning for better answers

The flipped interaction pattern
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› Give examples of how the answer should look like
› This approach is also known as few shot learning

Prompt Tuning for better answers

In context learning

Taken from descript.com
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› There are two op+ons for this:
›Direct helping: Divide the problem into simpler subtasks and ask the model to solve each 

problem separately and then combine the whole solu+on
› Telling the model to do

it step by step: Let’s 
think step by step.

›Useful strategy: 
Combine chain of 
thoughts with 
few-shot prompts

Prompt Tuning for better answers

Use chain of thoughts
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›Verify code: insecure
code suggesFons!

›More on this later

Use Cases

Wri$ng Code

Note: code might not work on the first try. If you get an error, tell this to ChatGPT and ask it to retry.
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›Comments in code are very important 
for readbility
›You can use LLMs to document 

the code 
›You can also use it to understand 

what a certain code is doing

Use Cases

Code Documentation and Explanation



17

Use Cases

Visualization
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›From HTML code: 
hNps://www.youtube.com/watch?v=9K8hpgDz
8FY&ab_channel=MikePowers

›Vision-based Scraping:
hNps://www.youtube.com/watch?v=sO95nlo9
MoA&ab_channel=Yang

Use Cases

Data Scarping

https://www.youtube.com/watch?v=9K8hpgDz8FY&ab_channel=MikePowers
https://www.youtube.com/watch?v=9K8hpgDz8FY&ab_channel=MikePowers
https://www.youtube.com/watch?v=sO95nlo9MoA&ab_channel=Yang
https://www.youtube.com/watch?v=sO95nlo9MoA&ab_channel=Yang
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›You can upload multiple files
›You can ask the model to compare

articles 
›You can search for terms in a book

or paper
›You can compare the paper to 

what is available online
›Some LLMs (e.g., GPT-4o, perplexity) 

can search the web

Use Cases

Reading papers 
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›https://chatgpt.com/share/afd
6ae24-7387-4a56-a374-
a21d19bd6fd2
›

Use Cases

Data analysis
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https://chatgpt.com/share/afd6ae24-7387-4a56-a374-a21d19bd6fd2
https://chatgpt.com/share/afd6ae24-7387-4a56-a374-a21d19bd6fd2
https://chatgpt.com/share/afd6ae24-7387-4a56-a374-a21d19bd6fd2
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Use Cases

Data analysis
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Learning the language of SARS-Coronavirus-2: 
using AI to predict future variants

22

Pro. Adi Stern



Where do SARS-CoV-2 variants come from?

• Variants-of-concern (Alpha, Delta, Omicron, etc.) emerge in 
imunocompromised individuals who develop chronic infections

23
Harari et al. Nature Medicine 2022

• >=21days , active viral replication
• NOT long-COVID

• All severely immunocompromised:
1. Hematologic cancer (leukemia/lymphoma)
2. Transplant patients
3. AIDS
4. Autoimmune diseases



Can we “use” chronic infections to predict 
future? 
1. Detect chronic infections computationally from a database of 

>16 million SARS-CoV-2 genome sequences

2. Learn the “language” of chronic infections – which words 
(mutations) characterize chronic state

3. Do these words predict future variant emergence?
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Using large language models to predict next variant

• Using language models: 
mutations in the genome 
are words in a sentence

25

Seq.: ATGGTTCGGATGCGGGCACCAATA…

Words: G1507T C5087T A6001G …

Harari et al. Nature Communica5ons 2024



Words predict the future (in hindsight)
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14 spike RBD 
mutations in 
chronic 
infections pre-
2023 . All are 
originally rare 
in general 
population

10/14 of these 
spike RBD 
mutations 

reach global 
prevalence 
during 2023

100% BA.2.86

✔



Convenient platforms for 
using AI in research



Google Colab

● To use neural networks both for training or inference it is recommended 
to use a GPU. 

● Colab - Free compute platform by google that also provide GPU access
● https://colab.research.google.com/



Google Colab – change runtime type



Many easy to use platforms to use for research

● https://github.com/HenriquesLab/ZeroCostDL4Mic
Easy to use google colab notebooks that provides an easy start with 
microscopy data

● https://github.com/hiyouga/LLaMA-Factory
A convenient tool to fine-tune open-source LLMs

● https://github.com/amrzv/awesome-colab-notebooks
A list of many popular colab notebooks for various tasks

● Hugging Face         – a collection of many useful AI tools

https://github.com/HenriquesLab/ZeroCostDL4Mic
https://github.com/hiyouga/LLaMA-Factory
https://github.com/amrzv/awesome-colab-notebooks


Hugging Face

● A platform that gathers many foundation models and tools to adapt 
them to new data

● Foundation model - Powerful AI systems trained on massive amounts 
of data to perform a wide variety of tasks.

● https://huggingface.co/
● Contains:

○ Libraries
○ Datasets
○ Models
○ Spaces



AI Foundation Models

● Large language models (LLMs)
● Image generation – mainly diffusion models 
● Audio processing
● Multimodal data, e.g., combining vision and text
● Tabular data



Useful libraries

● Transformers - very strong neural network that is widely used with 
language and other modalities

● Di_users – used mainly for image generation 
● PeFT – parameter e_icient fine-tuning
● Many more 



Current leading approach to use AI for your data

● Understand what is the type of your data 
○ Text
○ Audio
○ Spectral
○ Image
○ Multi-modal

● Find the foundation model closest to your data type
● Use PeFT to fine tune the foundation model to your data
● Advanced tip: If the foundation model is too big for your GPU, use 

qantization for the network and the fine-tuning 
https://huggingface.co/docs/accelerate/usage_guides/quantization 



Example of using Colab

● https://colab.research.google.com/drive/1ks9-
O2sCjLp6vknZMsISrggqznOi6TzA?usp=sharing

https://colab.research.google.com/drive/1ks9-O2sCjLp6vknZMsISrggqznOi6TzA?usp=sharing
https://colab.research.google.com/drive/1ks9-O2sCjLp6vknZMsISrggqznOi6TzA?usp=sharing


Setting up the enviroment and importing libraries



Loading and preprocessing the data



Load models and defining PeFT configuration



Load models and defining PeFT configuration



Prepare training



Train and evaluate the model



Reading your own data

● You can upload your own data
● Google colab interact with your google drive
● Usefull libraries for reading your data

○ Pandas
○ Hugging Face dataset



Notebook example for reading your own data 

● https://colab.research.google.com/drive/1Z9ByTDQ_CzmIll6tQ7Sudr
a_x-I0N27Z?usp=sharing

https://colab.research.google.com/drive/1Z9ByTDQ_CzmIll6tQ7Sudra_x-I0N27Z?usp=sharing
https://colab.research.google.com/drive/1Z9ByTDQ_CzmIll6tQ7Sudra_x-I0N27Z?usp=sharing


Load libraries and set data path



Create a costume dataset function for your data



Create dataset and DataLoader (optional)



Bias and fairness in AI

Privacy and data security

Lack of understanding

fake news

job security



Bias and Fairness

4/3/202448



Fairness in AI

• Computer-aided diagnosis (CAD) return lower accuracy results 
for black patients than white patients
• Amazon stopped using a hiring algorithm after finding it favored 

applicants based on words like “executed” or “captured,”.

4/3/202449



Privacy and Data Security

• Europe AI Act

4/3/202450

Using Anna’s Archive



Privacy and Data Security

• Europe AI Act

4/3/202451



Fake News and disinformation

4/3/202452



Job Security

4/3/202453

Sewing loom




