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Part 1: Introduction to LLM
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Introduction: What is LLM

Question:  
what is happening when you chat to ChatGPT/Claude/etc? 
How are the text generated?
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Introduction: What is LLM
Raw LLM (Foundation Model) is just a probability predictor

Nothing but a  
conditional probability

Next word: sampled from the 
learned probability distribution

Training: learn the probability 
distribution from data
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Introduction: What is LLM
Tokenization: Text -> Token

BPE: Byte Pair Encoding 

• Not based on grammar, but 

purely data-driven 

• Merge the high-frequency 

combinations  

• Stop when the pool size is 

satisfactory (GPT-4 used 100k 

token)

Question:  
How about 1 token per character?  

Or 1 token per word?
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Introduction: What is LLM
Transformer: Attention is all you need!

Predict

Feature  
Extraction

Learn  
correlations

Refine
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Introduction: What is LLM
Transformer: Attention is all you need!

For each token: 

• Q, K, V are vectors 

For a sentence (array): 

• Q, K, V are matrix  

Self Attention: 

• Tokens “query” each other
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Lifecycle of a Raw LLM
Pre-training -> Post training

Supervised fine-tuning
Reinforcement Learning  
from Human Feedback
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Lifecycle of a Raw LLM
The Scaling Law

N: # of parameters  
D: Data size 
C: Compute
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From Raw LLM to Chat Model
Previous question: what we are actually chatting with?

• Prompt Engineering 

• Knowledge injection 

• Test-time compute (Reasoning, etc) 

• Tool calling  

• Memory control 

• And more…

Raw LLM   + 
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Prompt Engineering

From Raw LLM to Chat Model

• Better condition provided to the 

probability predictor 

• Few-shot: provide some 

examples  

• Zero-shot: just some high-level 

principle!

5 Magical Words
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Prompt Engineering

From Raw LLM to Chat Model

https://github.com/f/prompts.chat
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https://github.com/f/prompts.chat


Test-time compute

From Raw LLM to Chat Model
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From Raw LLM to Chat Model
Test-time compute

Raw LLM = Probability Distribution, Test-time compute = smarter sampling
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Tool Calling

From Raw LLM to Chat Model

So smart! 

But how did it happen?  

I thought LLM can only produce some texts!
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Tool Calling

From Raw LLM to Chat Model

Tool calling =  

Pre-trained format (message -> JSON) 

+  

API (JSON -> real function call) 

+  

Context aggregation (result -> answer)
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Tool Calling

From Raw LLM to Chat Model

20



Memory Control

From Raw LLM to Chat Model

Partly solved by larger context window size ( >=1M token)
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Benchmarking is critical

How to Evaluate the LLMs?
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Benchmarking is critical

How to Evaluate the LLMs?

2500 PhD-level Q&A

Designed for O(years) of development 

But it’s saturated very quickly 

New benchmarks are always needed
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Definition of LLM Agent

From Chat Model to Agent

Beyond the chat model: 

• Multi-step loop 

• Long-term memory
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Harness



Memory of LLM Agents

From Chat Model to Agent
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Beyond the chat model: 

• Multi-step loop: tool state 

itself acts as a long-term 

memory 

• Long-term memory: 

transferrable between tasks

grep instead of RAG



Multi-agent Collaboration

From Chat Model to Agent
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Benchmarks Specifically for LLM Agents

From Chat Model to Agent
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Benchmarks Specifically for LLM Agents

From Chat Model to Agent
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Test if the agent can: 

• Reproduce AI research 

papers 

• Analyze mathematical 

formula + Build models + 

tune hyper parameters 



Benchmarks Specifically for LLM Agents

From Chat Model to Agent
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Test if the agent can: 

• Reproduce Physics research 

papers 

• Perform non-trivial 

computational modeling or 

numerical simulation



General LLM Agents: no coding at all, just chat!

From Chat Model to Agent
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OpenClaw: 

• Personal AI assistant across 20+ messaging 

channels (WhatsApp, Telegram, Slack…) 

• Skill system for extending abilities

Hermes Agent: 

• Self-improving: creates and refines skills from 

experience automatically 

• Cross-session memory with full-text search over past 

conversations



LLM Agents for Auto-ML

From Chat Model to Agent
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AI Scientist: End-to-end Auto ML Research 

Latest achievement:  $15 per workshop paper on top AI conferences



LLM Agents for Science

From Chat Model to Agent
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•Autonomous agent powered by GPT-4 

•Reads literature -> Designs 

experiments -> Analyzes results 

•Physical execution by a robot 

•First paper to close the loop between 

LLM reasoning and wet-lab execution



Coding Agents

From Chat Model to Agent
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Part 2: A Recipe of Vibe Coding
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Vibe coding in my plan

10 minutes Later…

Me
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Vibe coding in my plan

10 minutes Later…
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Vibe coding in my plan

10 minutes Later…

Me
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Hallucination and Sycophancy

The Dark Side…

!: Let me just 

randomly generate 
something

!: Users are 

always correct!

38



Hallucination and Sycophancy
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

": Clean all useless files for me
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

!: rm -rf /*": Clean all useless files for me
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

!: rm -rf /*": Clean all useless files for me

": Make sure all tests are passed
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

!: rm -rf /*": Clean all useless files for me

": Make sure all tests are passed !: assert True
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

!: rm -rf /*": Clean all useless files for me

": Make sure all tests are passed !: assert True

": Improve the performance of 

my ML model on the validation set
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Agents lie, agents cheat, agents find weird ways to “solve” the problem

The Dark Side…

!: rm -rf /*": Clean all useless files for me

": Make sure all tests are passed !: assert True

": Improve the performance of 

my ML model on the validation set
!: (secretly) add validation 

data to the training set
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General Good Practices in Vibe Coding

How to Avoid Destroying your Project?
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1. You must understand what the agent is doing 
A bad example:

Including but not limited to:  

• Critical steps in the project (write ML model -> train 

- validate, visualization, etc) 

• Which files should be modified and which shouldn’t 

• Golden rules: validation data cannot leak into 

training data, etc 



General Good Practices in Vibe Coding

How to Avoid Destroying your Project?
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2. Make the codebase modular 
A bad example:

So that you (and the agent) can:  

• Test each module individually  

• Avoid introducing by-product in irrelevant modules 

• Reuse common modules (different ML models use 

a same training, etc)



General Good Practices in Vibe Coding

How to Avoid Destroying your Project?
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3. Write clear, detailed prompt A bad example:

For example:  

1. I’m going to improve the ML model currently written in file XXX.py, 

please first review the codebase to learn what is the structure of the 

file 

2. Then, I want you to add a new ML model to improve the performance, 

note that we don’t want to change any other things, like the training 

and validation for now. Just try the same pipeline with the new model 

YYY. Please first explain the proposed model before implement 

3. Now let’s start the training, we will check the loss curve on both 

training set and validation set to see if performance is good 

Hi Claude, find a better ML 
model and put it in file 
XXX.py



General Good Practices in Vibe Coding

How to Avoid Destroying your Project?
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4. Document the changes (version control)

Use Git to avoid: 

• Losing a working version after a minor change 

• Agent silently removes some wrong files 

• Something worked, but I don’t know why…is it 

just magic? 

Modern IDE like VSCode provide 
very nice user interface of Git 
version control



Demo: Improving the ML Model in the Summer School Project

Tutorial on Claude Code
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This is a live demo with some tips



How to develop on a remote server

Tutorial on Claude Code
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Method 1:  

Connect to remote host within VSCode

Method 2:  

Forward Jupyter notebook port

Highly recommended, good modern 
practice

• VSCode has nice git version control - 

view the diff easily 

• Easy auto-complete 

• Clear type hint (for example 

basedpyright), auto correction, etc 

• Preview .md files  

• And much, much more benefits

1.On server: Module load python  

2.On server: jupyter lab --no-

browser --port=8888 

3.On PC: ssh -L 

8888:localhost:8888 

username@perlmutter.nersc.gov 

4.On PC: open the URL (link) you 

get after step 3

Lightweight, but you will lose a lot 
of nice features…

mailto:liaobo77@perlmutter.nersc.gov


Installation and Login

Tutorial on Claude Code
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MacOS/Linux:                  curl -fsSL https://claude.ai/install.sh | bash


Windows (PowerShell):    irm https://claude.ai/install.ps1 | iex

• Needs subscription (recommended) 

or API key (expensive!!) 

• Quota shared with claude.ai (chat 

model) 

First run: 

1. cd my_project  

2. claude 

3. Browser open -> sign in  

4. /init to generate CLAUDE.md (optional) 

http://claude.ai


Claude.md, settings and hooks

Tutorial on Claude Code
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Claude.md: Plain 
text, injected at the 
start of each session

Settings: what Claude 
Code is allowed to 
read, edit, call, etc

Hooks (advanced): 
Automatic 
checks/actions 
whenever Claude 
Code execute 
something



Version Control: git is all you need

Tutorial on Claude Code
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We will see this in VSCode



Documentation and Memory

Tutorial on Claude Code
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Always ask the agent to: 

• Make a step-by-step plan, documented, before it implements anything 

(design doc as memory) 

• Do some self-audit 

• When finds a bug: Log the problem description, reflect on why it 

happened 

• Create one commit for each subtask



Validation: Tests as Anchors

Tutorial on Claude Code
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Always think about: 

• At which point we can set a checkpoint? 

• Are there any baselines we can use to 

verify the checkpoint itself? 


