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● I studied French during a year and now ….
● I like the Titanic movie but ….

Breakthrough 1: Large Language Models

Generation samples:

● Alice painted her house → brown → and → then → took → a → rest
● Alice painter her house →because → she → was → bored



Transformers - Self attention



Transformers



Breakthrough 2: Aligning LLMs with user behaviour

Why. Alignment problem → Supervised Finetuning
User question: explain how bubble sort algorithm works
Model answer (only with pretraining next word) explain how the merge sort algorithm works.

Problem: Predicting next word represents a very large class of tasks within which the one we want is a subset. 
The task is underspecified and maybe there are subjectively preferred answers.

Generate data with humans Train dataset



GPT3 - Reinforcement learning

Why. Distribution shift → Reinforcement learning 
The responses from the supervised learning stage were not producing answers 100% satisfactory
Training with experts but inference is made by users

How to solve it: RL

Humans to rank itSupervised model outputs Model to learn the ranking

Challenge: How to measure reward
→ a reward model learns to reward !!!

simulating human behaviour trained 
on user preference data (scores)



Problem. Grounding, Hallucinations, Cutoff knowledge, Proprietary knowledge

Breakthrough 3: Large context, RAG



System managing the LLM does several rounds

Breakthrough 4: Calling external tools



Calling functions



Model Context Protocol



Model Context Protocol



Breakthrough 5: LLM call flows → aka “Agents”
creative_prompt = ChatPromptTemplate.from_template(" You are a poetic storyteller. Write a story about: {input}")
tech_prompt = ChatPromptTemplate.from_template(" You are a senior software engineer. Provide a code-focused answer for: 
{input}")

creative_chain = creative_prompt | model | StrOutputParser()
tech_chain = tech_prompt | model | StrOutputParser()

# 2. Define the Router (The Assessment Step)

router_prompt = ChatPromptTemplate.from_template(
    "Classify the following user input as either 'creative' or 'technical'. "
    "Respond with only one word: 'creative' or 'technical'. \n\nInput: {input}"
)
router_chain = router_prompt | model | StrOutputParser()

# 3. Define the Routing Logic
def route(info):
    if "technical" in info["topic"].lower():

        return tech_chain
    else:

        return creative_chain

# 4. Combine into a single chain
full_chain = {"topic": router_chain, "input": lambda x: x["input"]} | RunnableLambda(route)

# 5. Test it

print(full_chain.invoke({"input": " How do I reverse a linked list in Python?"}))
# Output: [Technical/Code explanation]

print(full_chain.invoke({"input": " Write a haiku about a lonely robot."}))
# Output: [Creative/Poetic response]



Breakthrough 5: LLM call flows → aka “Agents”
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What might this mean for science
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What might this mean for science

coding



In Earth Observation



Scientific instrumentation



Scientific instrumentation



Validation / Evaluation 

How do I trust an LLM/Agent suggestion
so as to invest effort in pursuing it?



Validation / Evaluation -- Sensitivity Analysis



Validation / Evaluation -- Factuality checking





Parallels with Dot Com bubble in the 90s



A.G.I.

LLMs are “just” an statistical model
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