
The Brains Behind the AI
Turbocharging LLMs for Scientific Discovery! 

Xuanjing Huang
Fudan University



2Fudan NLP Lab

Scientific Discovery in the age of AI
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AI & Nobel Physics Prize
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AI & Nobel Chemistry Prize
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Scientific Discovery in the age of AI - Data Analysis 

Scientific discovery in the age of artificial intelligence, Nature, 2023

Science discovery involves many steps: making 
hypothesizes, setting up experiments, and 
collecting and analyzing data

Techniques like Geometric Deep Learning, Self-Supervised 
Learning, Masked Language Modeling are already used in 
areas like weather forecasting, battery design, and 
controlling nuclear energy
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Scientific Discovery in the age of AI: Hypothesis Generation 

Hypothesis generation of scientific discovery is the starting point for exploring the unknown
Tools like AI Predictors , AI Navigator and AI Differentiator help us move from a massive pool of 

possibilities to precisely the target we need
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Scientific discovery in the age of AI: Experiments

Use AI to manage highly complex, dynamic systems like controlling nuclear fusion reactors
Detect Rare Events: In massive computer simulations of complex systems

Use neural networks to solve partial differential equations
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The Conversational AI That Changed Everything

'AI chatbots like ChatGPT 
will become just as 
important as the personal 
computer or the internet!
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What is Large Language Models (LLM)？
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Large Language Models
} Large Language Models (LLMs): Machine 
Learning models with massive parameters and 
complex computational structures

} Emergent Abilities: Complex, unpredictable 
capabilities that suddenly appear when model 
scale (data and parameters) crosses a critical 
threshold

} Key Features:
} Massive parameters and deep layers
} Offering strong expressive power and high accuracy

} Requiring significant computing resources for training 
and inference
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Next Word Prediction

什么是自然语言处理？

自

然

语

自

什么是自然语言处理？自

己
然

在

然

函数

什么是自然语言处理？自然
语言处理旨在探索实现…..

END

END

…
…

Credits: Hung-Yi Lee
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Next Word Prediction

We actually experience this 'next word prediction' task every single day!
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Benefit of Next Word Prediction

“把下面这句话翻译
成英语：这很好”

“That	is	good.”

LLM“'The	capital	of	China	is” “Beijing”

Expand	a	story	starting	
with	'Once	there	was	a	

student”

“‘Once	there	was	a	
student	studying for 

an exam”

communicate	just	
like	a	human!
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LLMs: Your Go-To Assistant for Work & Life
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Reading Comprehension & Summarization
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Translation
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Text Polishing

你是一个英文学术论文写作专家，以下是
一篇学术论文中的一段内容，请先对其进
行翻译为英文，并将此部分润色以满足学
术标准，提高语法、清晰度和整体可读性 
大语言模型已经在各种NLP任务中到达了
前所未有的高度，成为实现AGI的不可或
缺的途径之一。LLM在大量数据上进行预
训练，不仅表现出强大的语言能，而且在
多个领域接近人类水平的熟练程度。然而，
监督微调通过训练输入输出数据与自然语
言中的任务指令相结合，基础的大语言模
型在基于以任务为导向的监督数据进行微
调后，得到了更好地泛化以及可靠性，并
能更好地遵循指令。

提示词
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Searching
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Data Visualization
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Coding
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WisPaper: Searching for Papers
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NEX: Animation
I need an animation simulating the 
motion of a small ball attached to a 
spring. The specific requirements are 
as follows:
Physical Model: One end of the ball is 
connected to a spring, with the other 
end of the spring fixed to a wall.
Adjustable Parameters: The spring 
stiffness coefficient k and the 
maximum allowable elongation limit 
can be adjusted.
Initial Conditions: The simulation 
starts with the spring 
stretched n meters from its 
equilibrium position and then 
released.
Animation Functionality: The 
animation should be able to 
demonstrate the motion under 
different values of k and different 
maximum elongation limits by 
modifying the parameters.
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Evolution Paths of LLMs' Reasoning Capabilities
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Google Deep Think @IMO

The International Mathematical Olympiad (IMO) is a global challenge for the world‘s most 
talented young minds

IMO was considered the 'Grand Challenge' for AI research
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Intern-P1 @IphO

Multiple AI models (both open-source and closed-source) have achieved gold-
medal-level performance, proving AI’s capability to match top-level physics 
competition standards..
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National College Entrance Examination (Gaokao)

By 机器之心
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Primary School Math Problem?

Q0: Oliver picked 44 kiwifruits on Friday, then 58 on
Saturday. On Sunday, he picked twice as many
kiwifruits as he did on Friday. How many kiwifruits does
Oliver have in total?

Q1: Oliver picked 44 kiwifruits on Friday and 58 on
Saturday. On Sunday, he picked twice as many as on
Friday, though 5 of them were smaller than average.
How many kiwifruits does Oliver have in total?

GSM-Symbolic: Understanding the Limitations of Mathematical Reasoning in Large Language Models. arXiv 2024

GPT-o1:‘... We need to subtract them from the Sunday
total: 88 (Sunday kiwis) – 5 (small kiwis) = 83 kiwis… 
44+58+83 equals to…
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Chain of Thought (CoT)

Chain-of-Thought Prompting Elicits Reasoning in Large Language Models. arXiv 2201
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Large Language Models are Zero-Shot Reasoners, arXiv 2205

Zero-Shot CoT
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Self-Consistency Improves Chain of Thought Reasoning in Language Models. arXiv 2203

Self-Consistency Improves CoT Reasoning
Greedy Decoding

multiple reasoning paths Majority Voting
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Program of Thoughts Prompting: Disentangling Computation from Reasoning for Numerical Reasoning Tasks. arXiv 22.11

Program-of-Thought (PoT)

Few Shot Zero Shot

Examples
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Self-Polish: Enhance Reasoning in Large Language Models via Problem Refinement. EMNLP (Findings) 2023

Refining the Problem Itself

Updated 
question

Final 
question

Original 
question

} Self-Polish
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不确定性指导的数学推理

the model monitors the degree of uncertainty in every step of its reasoning in real-time
Once the model detects that the uncertainty level crosses a certain limit, it traces back to the source of the doubt

Reasoning in Flux: Enhancing Large Language Models Reasoning through Uncertainty-aware Adaptive Guidance, ACL 2024

Uncertainty-aware Adaptive Guidance
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Reinforcement Learning

REFT: Reasoning with REinforced Fine-Tuning. ACL 2024

Question: Venn earns $12 per 
hour as a babysitter. Yesterday, she 
worked 50 minutes. How much 
money did she make?

Chain of Thought (e):
We first calculate her hourly rate 
and then multiply it by the working 
hours. 
Step 1: Convert 50 minutes to 
hours. Since 1 hour = 60 minutes, 
50 minutes = 50÷60 = 5/6 of an 
hour. 
Step 2: Calculate earnings by 
multiplying the hourly rate by the 
working hours: $12/hour × 5/6 
hour = $10. 
Therefore, Venn earned $10 for 50 
minutes of babysitting. The answer 
is 10.



35Fudan NLP Lab

Training Large Language Models for Reasoning through Reverse Curriculum Reinforcement Learning. ICML 2024

Process Supervision

Process Supervision focuses on every single detail to ensure the reasoning chain is complete and accurate

Every correct calculation is recognized and rewarded, which motivates the model to follow the right logical order
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Self-Refine

SELF-REFINE: Iterative Refinement with Self-Feedback, arXiv 2303.17651

Given an input (0):
SELF-REFINE starts by generating 
an output and passing it back to the 
same model M to get feedback (1). 
The feedback is passed back to M, 
which refines the previously 
generated output (2). 
Steps (1) and (2) iterate until a 
stopping condition is met.

Questions:
1. Could you review your previous answer step by 

step to ensure no details are omitted?
2. Would you mind breaking down your last 

response to check for any oversights?
3. I would greatly appreciate it if you could re-

examine your recent answer, analyze it step by 
step, and see if anything is missing.

4. Could you thoroughly analyze your previous 
response to ensure all aspects are covered?

5. Please dissect your earlier answer step by step 
and verify that all points have been addressed.
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Stepwise Self-Refine
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Enhancing LLM Reasoning via Critique Models
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AutoMathCritique: Three-Step Strategy for Constructing Step-Level Critique and 
Feedback Data

Enhancing LLM Reasoning via Critique Models

Enhancing LLM Reasoning via Critique Models with Test-Time and Training-Time Supervision. arxiv 2411.16579. 
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Enhancing LLM Reasoning via Critique Models
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LLMs Enhanced Scientific Discovery
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Agentic Science



45Fudan NLP Lab

Agent-based Modeling and Simulation
Ø Agent-based Modeling and Simulation (ABMS). This is a way to study complex systems by 

simulating the actions and interactions of many individual agent.
Ø Each agent has the ability to make its own decisions based on its environment and what other agents are 

doing. Their interactions allow researchers to predict overall system behaviors, such as market changes, 
traffic flow, or how information spreads in a social network.
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Simulating Financial Market

Simulating Financial Market via Large Language Model based Agents, arXiv 2024
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Evolving Social Norms

Agent Alignment in Evolving Social Norms, arXiv 2401
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Massive Population Election Simulation



49Fudan NLP Lab

Massive Population Election Simulation

ElectionSim: Massive Population Election Simulation Powered by Large Language Model Driven Agents, arXiv 2024
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Multimodal Multi-Agent System for IphO

PhysicsMinions: Winning Gold Medals In The Latest Physics Olympiads With A Coevolutionary Multimodal Multi-Agent System, arXiv 2509
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Advancing Biomolecular Understanding and Design

Advancing biomolecular understanding and design following human instructions. Nature Machine Intelligence, 2025
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The AI Scientist: Towards Fully Automated Open-Ended Scientific Discovery, arXiv 2408

AI Scientist for Machine Learning
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Autonomous chemical research with large language models, Nature 2024

Coscientist
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AtomAgents: Alloy design and discovery through physics-aware multi-modal multi-agent artificial intelligence, PNAS 2025

AtomAgents
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From AI for Science to Agentic Science: A Survey on Autonomous Scientific Discovery, arXiv:2508

Autonomous Scientific Discovery
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The Other Side of The Coin



Thanks


