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Sounds like a great idea!

Let’s check if it fits, if it has been already investigated, find 

potencial industry cases… analyze the state-of-the-art

4…

Specialized tools

…

or deep research functions in…

…

linked to…



Deep research
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Great, this sounds promising! Now, implement this 

software, and make all the tests in realistic scenarios, 

compile the results, so we can validate and refine this 

idea!!
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addressing the “I don’t know how to code” barrier…
the vibe coding concept



From vibe coding to 
SDD (Spec Driven Development)

Example: Codex

Example: Codex
Example: Google Colab

Example: Google Colabhttps://www.youtube.com/shorts/b2Ki4-Ic5dk 

https://chatgpt.com/codex/tasks/task_e_698c21b1fd408330a2e79f18d4ff1297
https://colab.research.google.com/drive/1dAFgIGhOapGT3n-SLyArjrkIW5KrrrUI
https://www.youtube.com/shorts/b2Ki4-Ic5dk
https://www.youtube.com/shorts/b2Ki4-Ic5dk
https://www.youtube.com/shorts/b2Ki4-Ic5dk


That was fun to investigate

Unfortunately the party is over: we have to write the paper
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Example: https://openai.com/prism/ 

https://openai.com/prism/


Now things get worse…

We need to make the midterm report of the project… 

compile all the info, write summaries, justify alignment with 

project objectives…
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Example (Notebook LM)

Example (Notebook LM)

https://notebooklm.google.com/notebook/846b92ed-420d-4a15-b5ae-ea2cad816d3e
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Accelerating scientific Discovery with AI (12 Marzo 2025), Demis Hassabis (CEO Google Deepmind),
  https://www.youtube.com/watch?v=hHooQmmzG4k

AlphaFold, AlphaGenome



AlphaFold, AlphaGenome

• Before 2018. Understanding the shape of a protein or the effect of a change in DNA 
required years of laboratory experiments.

• AlphaFold (2018). AI learns to predict the 3D shape of a protein.

• AlphaFold2 (2020 , Nobel Prize in Chemistry 2024). Solves a historic problem: near-
perfect predictions, comparable to real experiments.

• AlphaFold3 (2024). AI models how proteins, DNA, and drugs interact, accelerating drug 
design. https://alphafoldserver.com 

• AlphaGenome (2025). AI predicts what happens when DNA changes, helping to 
understand genetic diseases. https://deepmind.google.com/science/alphagenome/ 

https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb

“Open science” concept
AlphaFold2 available, even in the cloud without local installation!! 

https://alphafoldserver.com/
https://deepmind.google.com/science/alphagenome/
https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb


https://arxiv.org/pdf/2505.08762 

AI Models for atoms & molecules

• Predictive model of molecular properties, with high 
accuracy for larger sizes and scales.

• Open (model, dataset, and documentation).

https://huggingface.co/facebook/OMol25 

https://arxiv.org/pdf/2505.08762
https://huggingface.co/facebook/OMol25


https://ai.meta.com/research/publications/uma-a-family-of-
universal-models-for-atoms/

(May 14th 2025)

• Predictor of properties of 3D atomic configurations.
• Open (model and documentation).

https://huggingface.co/facebook/UMA

https://github.com/facebookresearch/fairchem

AI Models for atoms & molecules
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https://news.mit.edu/2025/new-tool-makes-generative-ai-models-likely-create-breakthrough-materials-0922
https://www.nature.com/articles/s41563-025-02355-y (Sept 2025)

AI for new materials

https://news.mit.edu/2025/new-tool-makes-generative-ai-models-likely-create-breakthrough-materials-0922
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AI for new algorithms

https://deepmind.google/discover/blog/alphaevolve-a-gemini-powered-coding-agent-for-designing-advanced-algorithms/
May 2025
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https://colab.research.google.com/github/google-deepmind/alphaevolve_results/blob/master/mathematical_results.ipynb 

https://arxiv.org/abs/2506.13131 
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https://arxiv.org/html/2412.16075v1#bib.bib49 

https://lean-lang.org/ 

https://arxiv.org/html/2412.16075v1#bib.bib49
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https://terrytao.wordpress.com/2025/12/08/the-story-of-erdos-problem-126/ 

https://aristotle.harmonic.fun/ 

Using
Aristotle AI model + 

AlphaEvolve
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https://aristotle.harmonic.fun/dashboard  https://harmonic.fun/ 

https://aristotle.harmonic.fun/dashboard
https://harmonic.fun/
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AI Agents

An AI Agent is an AI system that, in an 
autonomous form, makes tasks for you



AI Agents

Personal assistant

Email agent Calendar agent Billing agent

Memory 
/ State

RAG

A2A (Agent2Agent - 
orchestrate agents) –
An agent can interact with 
agents made by others

MCP (Model Context Protocol) 
Agent can use tools made by 
others



25https://www.freethink.com/artificial-intelligence/virtual-lab-interdisciplinary-research

Virtual Lab example

https://www.nature.com/articles/s41586-025-09442-9 (July 2025)

ESM

AlphaFold
Rosetta
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AI-co-scientist

Source: https://research.google/blog/accelerating-scientific-
breakthroughs-with-an-ai-co-scientist/ 
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AI-co-scientist

https://arxiv.org/abs/2502.18864 

https://arxiv.org/abs/2502.18864
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https://www.futurehouse.org/ 

https://www.futurehouse.org/




https://cloud.google.com/blog/topics/healthcare-life-sciences/agentic-ai-framework-in-life-sciences-for-rd 
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Our goal in this section:
Use “regular” ChatGPT as an AI-coscientist in an 

engineering problem to illustrate potential benefits

Knowing that: what works (or doesn't) in one example doesn't imply that it will work 
(or not) in others… it's up to each of us to evaluate "if" and "how" this can be useful in 

our research tasks

33
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Role
I am a researcher in Agricultural Economics, with basic concepts of programming, and 
basic understanding of heuristic algorithms for optimization problems 

I am investigating the structure of transportation costs in the economies of Spanish 
agricultural distribution companies: impact of truck costs, fuel costs, driver costs, 
working hours…

I need an algorithm that, given a particular location of farms of a particular company, 
helps me to estimate their transportation costs. I will use AI for creating such an 
algorithm, details will be stated later, wait for instructions

I will use it in 100 company examples I have. This will help me to address questions like 
the average impact of a change in fuel costs in Spain, working hours regulations, etc.

Link to chat

Link to chat

https://chatgpt.com/share/698cba27-8934-8010-a65a-9d95dc846eec


Mechanisms for efficient transport of agricultural products

Example case

Algorithm description
• I have trucks with a maximum capacity of 1000 kg (input 

param). With these, I must collect agricultural products 
from 30 farms (input param), starting and ending at a 
central warehouse.

• There is a fixed cost of €300 for using a truck per day (input 
param). The sections between different locations have 
associated costs for tolls and fuel, and an estimated travel 
time (input params). No daily route can exceed 8 hours 
(input param).

• We should determine how many trucks to use each day, 
and what routes, so that all the product is collected, 
minimizing the total cost.

• I should spend no more than 5 minutes in each algorithm 
run for a particular setup

35



Information on possible strategies for creating algorithms for this problem

Example case

Regarding the problem, indicate what type of algorithms might be useful for planning routes. Consider the 
5 minute limit of running time in a conventional computer, and typical number of farms in the order of 30-
50. The algorithm and all needed scripts and explanations will be implemented as a Jupyter Notebook for 
Google Colab

36



First prototype implementation: understanding the general operating scheme

Example case

I like the local search approach: starting from the solution of a fast heuristic, then apply best improving change until 
no improvement or time limit hit. If no improvement is possible use the extra time starting again from a different 
solution.
The algorithm, in each iteration, must print relevant information to track its operation, e.g. , the evolution of the 
current cost (in euros, and with auxiliary information such as cost per route, cost per truck, and cost per overtime 
hour) and the cost of the best solution. The algorithm must terminate based on time, with execution time being an 
input parameter. 

The code should call the algorithm with a generated example scenario like the following:
• Randomly generate the positions of the 30 farms on a 100 x 100 km grid. The cost of the path between farms 

should be generated based on the geographical distance, plus a random component of 10%, counting 80 cents per 
km traveled.

• The time between farms must be proportional to the distance, assuming an average speed of 40 km/h, with a 
random variation of 10%.

• The quantities of product to be collected must be between 100 kg and 300 kg.
• Print information about the instance: positions of the farms, total amount to be collected, and any other 

information you consider relevant.

Provide me with the Python code to include in the Google colab 37



Generate script for test suite

Example case

Develop a Python code to perform a battery of tests generating variations in the amount to be collected 
on each farm.

With each variation, it calls the algorithm for 1 minute.

Compile the information from the battery of tests into a table, including the input parameters used, with 
statistics such as the total amount to be collected, and information on the results obtained, such as costs 
and the breakdown into different types, number of trucks used, etc.

38



In-depth research on a topic

Example case

I would like your help in compiling a state-of-the-art overview of the different types of trucks available for 
transporting refrigerated vegetables. I am interested in trucks with a maximum payload ranging from 500 
kg to 2000 kg. I need information on the most common models and their characteristics, such as price, 
dimensions, and maximum load capacity. I would also appreciate information that will help me estimate 
the fuel costs per kilometer, assuming a full load, for each model.

I'm interested in the situation in Spain. I'm interested in new trucks, any type of engine; I'm only 
interested in fuel consumption, and for electric trucks, the energy cost. For electric trucks, please include 
the battery range in kilometers and the charging time. There are no restrictions on the type of cooling 
system.

39

Link to chat

Link to chat

https://chatgpt.com/share/698cbccb-7570-8010-86e7-03fdba7f1b52
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• AI is “superpowers” for researchers. Use it to discover more, 

understand deeper, heal faster, design smarter…

• A great time to be a researcher: your value to society is x100… 

“research” is the long-term killer application for AI :-)



https://www.nature.com/articles/s41591-025-03743-2 42

AI-discovered medicines

https://news.mit.edu/2025/using-generative-ai-researchers-
design-compounds-kill-drug-resistant-bacteria-0814



https://www.nytimes.com/2025/09/30/technology/ai-meta-google-openai-periodic.html 

https://periodic.com/ 
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• AI is “superpowers” for researchers. Use it to discover more, 

understand deeper, heal faster, design smarter… 

• A great time to be a researcher: your value to society is x100… 

“research” is the long-term killer application for AI :-)

• Academic rigour, which implies ethical use of AI is the ONLY way

• Basic programming skills open A LOT of doors now… invest time 

in that if you are not already there, it is worthy

• Growing importance of deeply learning the fundamentals, how 

to write, think, reason and understand your discipline core 

concepts. Or else, you will not be able to exploit AI



Thanks!

Pablo Pavón Mariño
Vicerrector de Estrategia Digital e Inteligencia Artificial

Universidad Politécnica de Cartagena
pablo.pavon@upct.es
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