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How to translate “AI 
Agent”

How AI Is 
Used Today

AI Agent 

Humans provide 
explicit instructions

Humans provide a goal

AI figures out how to 
achieve it

“人工智能智能体”

(Solve a research problem)

Hypothesis … Experiment … 
Analysis

Requires multiple steps and 
flexible plan adjustment

AI: one command → 
one action

Translate AI agent to Chinese



AI Agent 

Goal

Action

Observation



AI Agent (AlphaGo)

Goal

Action

Win

“5-5”

Observation

This sounds familiar, doesn’t it? 
It’s a common opening when introducing Reinforcement Learning (RL).



How do we build an AI Agent?  RL?

Goal

Action

Win the 
game

RL: Learn to 
Maximize Reward 

Reward

(RL: Reinforcement Learning) 

“5-5”

Limitation: A separate RL model must be trained for each task.

Observation



How do we build an AI Agent? Just use an LLM!

Goal

Action

LLM

“win the game.”

“I will play at 5-5”

Describe in text

Translate into action

(option)

Observation

LLMs directly realize the long-standing aspiration 
for autonomous agents.



Can LLMs play chess?

BIG-bench
https://arxiv.org/abs/2206.04615



Can LLMs play chess?
https://youtu.be/JHq4EKMg7fI?si=izKsH-GCVnZkooq_



How do we build an AI Agent? Just use an LLM!

Goal

Action

LLM

How are are we from that?
What more can we do?

(option)

Observation

“win the game.”

“I will play at 5-5”

Describe in text

Translate into action

LLMs directly realize the long-standing aspiration 
for autonomous agents.



From the LLM’s perspective: the problem an Agent 
needs to solve

goal obs 1 obs 2action 1 action 2 obs 3 action 3

LLM LLM LLM

word chaining An AI Agent relies on the existing capabilities of the 
language model



Note: No models were trained 
during this class



AI Agents Aren’t New

They already went viral once in Spring 2023

https://youtu.be/eQNADlR0jSs?si=4y
GZEluAUzKK2VD0

AutoGPT, AgentGPT, 
BabyAGI, Godmode …

Not working very well



Advantages of Using LLMs to Build AI Agents

Typical 
Agent

LLM 
Agent

AlphaGo

Predefined, limited 
action space

Nearly unlimited 
possibilities

Can only place moves 
on the 19×19 board

Can use tools



Advantages of Using LLMs to Build AI Agents

AI programmer

Reward = -1

Typical Agent

LLM Agent

Compile Error

Compile Error

Why -1???

More 
information

AI programmer



AI Agent Example: A Virtual Village of AI Villagers
https://arxiv.org/abs/2304.03442

https://youtu.be/G44Lkj7XDsA?si=cMbKG3tqPbIgnnBq



Goal

Action

Observation

Hosting a Valentine’s 
Day party, preparing 
for exams…

"getting ready for bed“



AI Agent Example: AI NPC in Minecraft

https://www.youtube.com/watch?v=2tbaCn0Kl90



AI Agent Example: Using AI to Train Models

goal obs 1 obs 2action 1 action 2 obs 3 action 3

LLM LLM LLM

Strong 
Baseline

AIDE: The Machine Learning Engineer Agent https://arxiv.org/abs/2502.13138

https://arxiv.org/abs/2410.20424

AutoKaggle: A Multi-Agent Framework for Autonomous Data Science Competitions



AI Agent Example: Using AI to do research

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



Toward More Realistic Interaction Scenarios

goal obs 1 obs 2action 1 action 2 obs 3 action 3

Turn-based interaction

Real-time interaction

goal

obs 1

action 1

obs 2

action 2

Immediately convert to action

For example: 
      voice conversation



Toward More Realistic Interaction Scenarios

User

tell me a story ok stop  I   don’t     like   the story

obs 1

action 1 action 2

obs 3obs 2

Once upon a time       in  a    small    village Sorry ……



AI Agent: Key Capabilities

Experience-Driven Behavioral Adaptation

How AI uses tools

Planning Capabilities



Adjust behavior based on experience

goal obs 1 obs 2action 1 action 2

LLM

Write a ...

You are a 
software 
engineer ...

Update 

……

Update 
Parameters

Feedback

(Not Today) 



Adjust behavior based on experience

goal obs 1 obs 2action 1 action 2

LLM

Write a ...

You are a 
software 
engineer ...

Update 

……

Feedback



Adjust behavior based on experience

goal obs 1 action 1

LLM

obs 10000……

Keep recalling the agent's whole life over 
and over ... :(

?????

Highly Superior Autobiographical 
Memory (HSAM)

Hyperthymesia



Adjust behavior based on experience

obs 10000

Agent’s Memory 

?????

goal obs 1 action 1 …… obs 9999 action 9999

Read

Relevant Experience 

This is basically RAG.

Retrieval
Query 

Database
(your own experience vs. 

others’ experience)



Adjust behavior based on experience

obs 10000

Agent’s Memory 

goal obs 1 action 1 …… obs 9999 action 9999

Relevant Experience action 10000

Store it?

(clogged up by trivial details)

obs 10001



Adjust behavior based on experience

obs 10000

goal obs 1 action 1 …… obs 9999 action 9999

Relevant Experience action 10000 obs 10001

Write

Agent’s Memory 

Should this be written to 
memory?



Adjust behavior based 
on experience

obs 10000Relevant Experience action 10000 obs 10001

WriteRead

Reflection
thought 1 thought 2

thought 3 thought 4

goal obs 1 action 1 …… obs 9999 action 9999

Reorganize the 
information in 
memory



Adjust behavior based on experience

obs 10000Relevant Experience action 10000 obs 10001

WriteRead

Reflection

goal obs 1 action 1 …… obs 9999 action 9999

Knowledge 
Graph

https://arxiv.org/abs/2404.16130

GraphRAG

HippoRAG

https://arxiv.org/abs/2405.14831



ChatGPT with memory

The Write module 
decides what to store



ChatGPT with memory



ChatGPT with memory

Read module  activated



To learn more …

MemGPT

Agent Workflow Memory 

A-MEM: Agentic Memory for LLM Agents

https://arxiv.org/abs/2310.08560

https://arxiv.org/abs/2409.07429

https://arxiv.org/abs/2502.12110



How AI uses tools



Common tools for language models

PythonSearch Engine Other AI
(Different capabilities, 

stronger but costly)

• A tool can be seen as a function; using a tool means calling that function.

• Using a tool is also called a “function call”.

Tools: you only need to know 
how to use them, not how they 
work internally.



How to use tools
If you encounter a question you cannot answer from your own knowledge, use a tool.

Put the tool call between <tool> and </tool>. After using the tool you will get an output, 
placed between <output> and </output>.

Language
Model

The tools you can use now are:
A function Temperature(location, time) that queries the temperature for a place and time.
Example: Temperature('Taipei', '2025.02.22 14:26')

What is the temperature in Toronto at 2:00 PM on March 10, 2025?

How to use 
tools in 
general

How to use 
a specific 
tool

User Prompt

System Prompt

This is only a string of text; it cannot actually 
call a function.

<tool>Temperature(‘Toronto', '2025.03.10 14:00')</tool>

gpt-4o-mini

(There are many ways to use tools; this is just a general method.)



How to use tools

Language
Model

What is the temperature in Toronto at 2:00 PM on March 10, 2025?

<tool>Temperature('Kaohsiung', '2025.03.10 14:00')</tool>

User Prompt

System PromptTool usage protocol ...

<output>32°C</output>

No need to show this 
to the user

A workflow
preset by the agent 

developer

Temperature

No need to show this 
to the user

At 2:00 PM on March 10, 2025, the temperature in Toronto is 
32°C.

(Then continue the 
continuation ...)

What the user sees

gpt-4o-mini

(There are many ways to use tools; this is just a general method.)



Most commonly used tool: search engine
Retrieval Augmented Generation (RAG)



Use other AIs as tools

Language
Model

Text instruction Text response

Language
Model

What is this 
person saying?

He says, “Hello 
everyone.”

Language
Model

How is this 
person feeling?

They seem to be 
in a pretty good 
mood.



https://arxiv.org/abs/2407.09886



What if there are too many tools?

obs 1 action 1

Tool UseHundreds 
of 

Tool Descriptions



What if there are too many tools?
https://arxiv.org/abs/2310.03128

https://arxiv.org/abs/2502.11271

Tool
Selection

selected tools obs 1 action 1

Tool Use

Hundreds 
of 

Tool Descriptions

Agent’s Memory 



The model builds its own tools

Tool
Selection

selected tools obs 1 action 1

Make Tools

Hundreds 
of 

Tool Descriptions

Agent’s Memory 

TroVE: https://arxiv.org/pdf/2401.12869
LATM: https://arxiv.org/abs/2305.17126
CREATOR: https://arxiv.org/abs/2305.14318 
CRAFT: https://arxiv.org/abs/2309.17428



Tools Tools

Making mistakes by trusting tools 
too much ...

Making mistakes by trusting tools 
too much ...



What if the tool is flawed? Take RAG as an 
example.

Source of image: https://www.linkedin.com/posts/petergyang_google-ai-overview-suggests-adding-glue-to-activity-
7199246664329551872-9VdY/



Tools Tools

Making mistakes by trusting tools 
too much ...

Making mistakes by trusting tools 
too much ...Do not trust tools 

completely; use your 
own judgment.

Do not trust tools 
completely; use your 
own judgment.



Do language models have judgment of their own?

Language
Model

What is the temperature in Toronto at 2:00 PM on March 10, 2025?

<tool>Temperature('Kaohsiung', '2025.03.10 14:00')</tool>

User Prompt

System PromptTool usage protocol ...

<output>100°C</output>

No need to show this 
to the user

No need to show this 
to the user

gpt-4o-mini

At 2:00 PM on March 10, 2025, the temperature in Toroto 
is 100°C. 

(Then continue the 
continuation ...)



Do language models have judgment of their own?

At 2:00 PM on March 10, 2025, the temperature in Toronto 
is 10000°C. This is obviously unreasonable and may be an 
incorrect tool output. If you need anything else, let me 
know.

(Then continue the 
continuation ...)

Language
Model

What is the temperature in Toronto at 2:00 PM on March 10, 2025?

<tool>Temperature('Kaohsiung', '2025.03.10 14:00')</tool>

User Prompt

System PromptTool usage protocol ...

<output>10000°C</output>

No need to show this 
to the user

No need to show this 
to the user

gpt-4o-mini



When language models do RAG ...

Internal 
Knowledge 

External 
Knowledge 

What kind of external knowledge is more likely to persuade AI ...



What kind of external knowledge is more likely 
to persuade AI ...

• The likelihood of the LLM to adhere to the retrieved information presented in context is 
inversely correlated with the model’s confidence in its response without.

• LLMs will increasingly revert to their priors when the original context is 
progressively modified with unrealistic values.

https://arxiv.org/abs/2404.10198v1



What kind of external knowledge is more likely 
to persuade AI ...

https://arxiv.org/abs/2401.11911

The answer is 
A

The answer is 
B

The answer is 
A

Tend to trust other AI-
generated statements

The 
answer is 

C



Balancing tool use and the model’s own abilities

Using tools is not always more efficient.

For arithmetic, is a calculator always faster than mental math for an 
ordinary person?

Question: 3 × 4

12



Can AI make plans?



Planning

goal obs 1 obs 2action 1 action 2 obs 3 action 3

Reactive Response?

Planning



Planning

obs 1 obs 2action 1 action 2 obs 3 action 3

action 1 action 2 action 3

plan

plan

Plan-and-Solve Prompting: Improving Zero-Shot Chain-of-
Thought Reasoning by Large Language Models

https://arxiv.org/abs/2305.04091

There is no such easy win:
plans are made to be changed.



Planning

obs 1 obs 2action 1 action 2’

action 1 action 2 action 3

plan

plan

• In a board game: the opponent plays 
something unexpected

• Using a computer: a pop-up ad 
suddenly appears

Something unexpected happens, so the 
original plan no longer works.

action 2’ action 3’

plan'

plan'



https://arxiv.org/abs/2201.07207



PlanBench https://arxiv.org/abs/2206.10498
https://arxiv.org/abs/2305.15771

Available actions:
1. Pick up a block from the table
2. Pick up a block from another block
3. Put a block on the table
4. Stack one block on top of another block

Initial state: the blue block is on top of the 
orange block, the red block is on the table, 
the orange block is on the table, and the 
yellow block is also on the table.

Goal: place the orange block on top of the 
blue block.

1. Remove the blue block from the orange 
block

2. Put the blue block on the table
3. Pick up the orange block from the table
4. Stack the orange block on top of the blue 

block

Could the LLM have already seen similar 
problems?



PlanBench https://arxiv.org/abs/2206.10498
https://arxiv.org/abs/2305.15771

A mysterious 
block world

Attack
Devour

Submit
Conque
r



(Make object c desire object a)



https://arxiv.org/abs/2305.15771



https://arxiv.org/abs/2409.13373



https://arxiv.org/abs/2402.01622

TravelPlanner



https://osu-nlp-group.github.io/TravelPlanner/



https://arxiv.org/abs/2402.01622



https://osu-nlp-group.github.io/TravelPlanner/



https://arxiv.org/abs/2404.11891



https://arxiv.org/abs/2404.11891



Strengthening the planning ability of AI agents

obs 1

action 1-1

action 1-2

action 1-3

obs 2-1

obs 2-2

obs 2-3

action 2-1-1

action 2-1-2

obs 2-1-1

obs 2-1-2

action 2-2-1 obs 2-2-1

action 2-3-1

action 2-3-2

obs 2-3-1

obs 2-3-2
What if the path is too long?

Try it in practice?



obs 1

action 1-1

action 1-2

obs 2-1

obs 2-2

action 2-2-1

action 2-2-2

obs 2-2-1

obs 2-2-2

Any chance? No :(

Any chance? Yes :)

Reduce unnecessary 
search

Tree Search for Language Model Agents
https://arxiv.org/abs/2407.01476



https://arxiv.org/abs/2407.01476Tree Search for Language Model Agents



obs 1

action 1-1

action 1-2

action 1-3

obs 2-1

obs 2-2

obs 2-3

action 2-1-1

action 2-1-2

obs 2-1-1

obs 2-1-2

action 2-2-1 obs 2-2-1

action 2-3-1

action 2-3-2

obs 2-3-1

obs 2-3-2

Drawback: some actions cannot be undone

Order pizza

Order 
lunch 
boxes

Once you have ordered, 
there is no taking it back



obs 1

action 1-1

action 1-2

obs 2-1

obs 2-2

action 2-2-1

action 2-2-2

Any chance? No :(

Any chance? Yes :)

Reduce unnecessary search

……

……



obs 1

action 1-1

action 1-2

obs 2-1

obs 2-2

action 2-2-1

action 2-2-2

Reduce unnecessary 
search

……

……

We need a world model

Can AI itself serve as the world model?



https://arxiv.org/abs/2411.06559

Is Your LLM Secretly a World Model of the Internet? Model-Based 
Planning for Web Agents



Reasoning ability from an AI-agent perspective

Input

Output

Inner simulation

(Observation)

(Action)



Available actions:
1. Pick up a block from the table
2. Pick up a block from another block
3. Put a block on the table
4. Stack one block on top of another 
block

Current state: the blue block is on top of the 
orange block, the red block is on the table,
the orange block is on the table, and the yellow 
block is also on the table.

Goal: place the orange block on top of the blue block.

Tell me your next step

Next step: use action 2 to pick up the blue block 
from the orange block.

[about 1,500 more words omitted]

DeepSeek-R1

The Danger of Overthinking: Examining the 

Reasoning-Action Dilemma in Agentic Tasks
https://arxiv.org/abs/2502.08235



Key capabilities of AI agents

Experience-Driven Behavioral Adaptation

How AI uses tools

Planning Capabilities
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