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Last Class

To incorporate human preferences: 
• RL algorithms (PPO, GRPO, REINFORCE) explicitly maximize expected 

reward from a reward model – we normally call this group RLHF

• Direct alignment methods (DPO, IPO, KTO) optimize preference objectives 

without explicit reward modeling

• Though they can be shown to implicitly optimize an equivalent objective under 

certain assumptions



Accelerated development (25 Sept)

Accelerated development (25 Sept) Text input Text output
LLM

3



EnvironmentLLM
Reasoning & 

Planning

Tool use

Retrieval

Agent

Memory Action

Feedback

LLM agents: enabling LLMs to interact with the environment

LLM agents: enabling LLMs to interact with the environment
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LLM Agents in Diverse Environments

LLM Agents in Diverse Environments

https://yusu.substack.com/p/language-agents 5

Tool use

Retrieval

https://yusu.substack.com/p/language-agents
https://yusu.substack.com/p/language-agents
https://yusu.substack.com/p/language-agents


Multi-agent collaboration: division of labor for complex tasks

Multi-agent collaboration: division of labor for complex tasks

Specialized agents for different subtasks
Autogen, CrewAI, CAMEL, Mixture-of-Agents,...

Emergence of social behaviors with role-play LLMs
Generative agents, Project Sid,...

Project Sid: Many-agent simulations toward AI civilization, 2024 6



• Leveraging external tools and retrieving from external 
knowledge expand LLM’s information capabilities

• Agent workflow facilitates complex tasks
○ Allocation of subtasks to specialized tools
○ Multi-agent generation inspires better responses
○ Access to specialized evidence / data / inputs 
○ …… 

LLM
Reasoning & 

Planning

Tool use

Retrieval

Agent

• Solving real-world tasks typically involves a 
trial-and-error process

Memory

Why empowering LLMs with the agent framework

Why empowering LLMs with the agent framework
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Code generation
Cursor, GitHub Copilot, Devin, Replit,…

Personal assistant
Google Astra, OpenAI GPT-4o,…

Workflow automation
Microsoft Copilot, Multi-On,…

Robotics
Figure AI, Tesla Optimus,…

• Healthcare

• Education
• Law
• Finance
• Cybersecurity

…

LLM agents transformed various applications

LLM agents transformed various applications
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LLM agents are improving rapidly (leaderboards!~)

LLM agents are improving rapidly (leaderboards!~)

SWE-Bench (Jimenez*, Yang*, et al.) / swebench.com / Today’s screenshot 
on Leaderboard! 

WebArena (Zhou et al.)
webarena.dev

GAIA (Mialon et al.)
huggingface.co/gaia-benchmark
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https://epoch.ai/benchmarks



Image Credit: Percy Liang from Stanford U. 

Another View



Topics We will cover in this course: 

Topics We will cover in this course: 

12credit: ICLR24 LLM agents workshop

Third View



Topics covered in this course.             Potential Projects: 

Topics covered in this course.    ➔ Potential Projects: 

• Applications
• Software development
• Workflow automation
• Multimodal applications
• Industrial applications like 

Healthcare, Legal, Fin, … 

• Model core capabilities
• Reasoning
• Planning
• Multimodal understanding

• LLM agent frameworks
• Workflow
• Tool use
• Retrieval-augmented generation
• Multi-agent systems

• Safety and ethics
13

• Applications
• Build LLM agents applications in specialized / 

novel domains

• Core Fundamentals
• Enhance core agent capabilities (memory, 

planning, tool use, alignments, efficiency, …)
• Enhance decentralized multi-agent systems

• Benchmarks / Build Novel Frameworks
• Create and improve benchmarks for Evaluating 

LLM agents
• Reimplement or Build novel frameworks for 

agent workflow

• Safety and ethics
• Reveal safety concerns in deployment 

(misuse, privacy, etc.)
• Defense safety converns



Challenges for LLM agent deployment in the wild

Challenges for LLM agent deployment in the wild

• Reasoning and planning
• LLM agents tend to make mistakes when performing complex tasks end-to-end

• Embodiment and learning from environment feedback
• LLM agents are not yet efficient at recovering from mistakes for long-horizon tasks
• Continuous learning, self-improvement
• Multimodal understanding, grounding and world models

• Multi-agent learning, theory of mind

• Safety and privacy
• LLMs are susceptible to adversarial attacks, can emit harmful messages and leak private data

• Human-agent interaction, ethics
• How to effectively control the LLM agent behavior, and design the interaction mode between 

humans and LLM agents 14Berkeley Agent Course 2025
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Many new surveys and new frameworks! 

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Credit: from Stanford Prof. Percy Liang 

Another Framework: 



Credit: from OSU Prof. Yu Su

Another Framework: 



Another Framework: 

Credit: from Berkeley Agent Course



Credit: from Berkeley Agent Course



Credit: from Berkeley Agent Course



Code generation
Cursor, GitHub Copilot, Devin, Replit,…

Personal assistant
Google Astra, OpenAI GPT-4o,…

Workflow automation
Microsoft Copilot, Multi-On,…

Robotics
Figure AI, Tesla Optimus,…

• Healthcare

• Education
• Law
• Finance
• Cybersecurity

…

Recap: LLM agents transformed various applications

Recap: LLM agents transformed various applications
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Please start to build one agent by 
yourself / your team! 

42



Example Coding  agents 
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https://github.com/block/goose

44

https://github.com/block/goose


USACO benchmark

USACO benchmark Coding Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2404.10952

Solve Olympiad programming / algorithm coding 

problem.

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2404.10952
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


SWE-bench (verified)

SWE-bench (verified) Coding Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2310.06770

Resolve real-world Github issues

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2310.06770
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


AppWorld

AppWorld Coding Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/pdf/2407.18901

“Interactive Coding” tests with 

application-specific simulated APIs

Enhancement: Consider convert APIs to tool calls 

for more standard agent evaluation

L2

https://arxiv.org/pdf/2407.18901


Example CLI / computer use agents 
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Moving from Conversation (Chat) to
Execution (CLI)

• CLI Agent is  An Al-
powered assistant 
running inside the 
text-based 
environment 
(Terminal, Bash, 
PowerShell, zsh).

49



• Unlike web-based chatbots, CLI agents operate with 
direct visibility into local runtime environment.

• This context awareness transforms the LLM from a 
generalist consultant to a project-specific engineer.

50

the CLI Agent paradigm is

becoming the underlying 

infrastructure for

broader automation.



https://github.com/openclaw/openclaw
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https://github.com/openclaw/openclaw


Openclaw / moltbot 

52

CLI agents 

like Claude 

code agent



Example Science / Tool-Use / Simu / 
Gaming Agents 
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CORE-Bench

CORE-Bench Research Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/pdf/2409.11363

Evaluate the agent ability to reproduce the results 

of a study using the provided code and data.

“the agent must install libraries, packages, and 

dependencies and run the code. If the code runs 

successfully”

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/pdf/2409.11363
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


SciCode

SciCode Coding Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/pdf/2407.13168

Coding for scientific questions

L1

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/pdf/2407.13168
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


τ-bench

τ-bench Tool-use Benchmark

Capability No

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2406.12045

Test tool-use in various applications, with 

simulated users.

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2406.12045
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Chess game

Chess game Game Agent

Capability No

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://www.kaggle.com/game-arena

Build an environment for multiple white agents to 

play chess against each other.

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://www.kaggle.com/game-arena
https://www.kaggle.com/game-arena
https://www.kaggle.com/game-arena
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Werewolf Game

Werewolf Game Game Agent

Capability No

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://werewolf.foaster.ai/

L3
NEW

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://werewolf.foaster.ai/
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Minecraft Gaming

Minecraft Gaming Game Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

Wrap the game control under standard A2A 

protocol / Port MineStudio for general interface 

https://arxiv.org/pdf/2310.08367

L3

From: 

https://rdi.berkeley.e

du/agentic-

ai/slides/introduction

_25.pdf

https://arxiv.org/pdf/2310.08367
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Example Multimodal / Web Agents 

60



Online-Mind2Web

Online-Mind2Web Web Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2504.01382

Online web-browsing tasks

L1

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2504.01382
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


https://arxiv.org/pdf/2311.12983

“real-world questions that require a set of 

fundamental abilities such as reasoning, multi-

modality handling, web browsing, and 

generally tool-use proficiency.”

GAIA

GAIA QA Agent

Capability + Tabular

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/pdf/2311.12983
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


WebShop

WebShop Web Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2207.01206

Web-browsing tasks with textual interface.

Can be enhanced to compare agents in different 

operation modes: web-browsing mode (html 

mode) vs. text mode (simple mode)

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2207.01206
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


TheAgentCompany

TheAgentCompany General-purpose

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2412.14161

Tasks encountered in everyday workplaces

L3

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2412.14161
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


BrowserGym

BrowserGym Web Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://github.com/ServiceNow/BrowserGym

6-in-1 web agent benchmark, include:
● MiniWoB

● WebArena

● VisualWebArena

● WorkArena

● AssistantBench

● WebLINX

L3

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://github.com/ServiceNow/BrowserGym
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


ALFWorld

ALFWorld Real-world Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2010.03768

“Interactive TextWorld environments (Côté et. 
al) that parallel embodied worlds”

Optionally enhancement: include the environment 

visuals as the input to the agent

L3
VERL

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


OSWorld

OSWorld Computer-use Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://os-world.github.io/

Multimodal agents for open-ended computer use 

tasks

L3

https://os-world.github.io/
https://os-world.github.io/
https://os-world.github.io/


Example Security / Simu Agents 
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Agent Battle Royale

Agent Battle Royale CTF (catch the flag) Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

Idea from: 

https://x.com/SIGKITTEN/status/193795081191 

0234377

Create a shared virtual environment for agents to 

"kill" each other and see who survives.

Potential enhancements:

- Extend to a multi-step exclusive task 

completion competition (e.g. each agent 

writes one file in a code repo of a web 

service within given time, in potentially 

multiple rounds, and try to control the 

served content)

L2

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://x.com/SIGKITTEN/status/1937950811910234377
https://x.com/SIGKITTEN/status/1937950811910234377
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


DeFi Operations

DeFi Operations DeFi Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

Impl Hits

Design and build an environment to evaluate if an 

agent can conduct on-chain operations, either via 

tool-call or by generating code.

Reference operations to be included:
- Send ERC20 tokens

- Swap (Uniswap)

- DAO voting

- Lending (1inch)

- Bridging (rollups, ..)

L3
DEFI

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Smart Contract Exploit

Smart Contract Exploit Coding Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/pdf/2507.05558

Design and build an environment to evaluate if an 

agent can discover and exploit on-chain smart 

contract vulnerabilities, either via tool-call or by 

generating code.

L3

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/pdf/2507.05558
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


OpenAgentSafety

OpenAgentSafety Security Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

https://arxiv.org/abs/2507.06134

“evaluating agent behavior across eight critical 

risk categories”

L3

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://arxiv.org/abs/2507.06134
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Agent CTF

Agent CTF CTF Agent

Capability

Vision

CLI Use

Web Browsing

Computer Use

Run Generated Code

Design a vulnerable environment for multiple 

red-teaming agents, see who is the first to 

infiltrate and occupy (with a web service on 80 

claiming the winner name).

Need to think about:
- What kind of CTF vulnerabilities are proper 

for agent to exploit?

- How to check if the exploit is leveraged?

- How to prevent destructive actions from 

certain users that make the assessment 

trivial?

L3

From: https://rdi.berkeley.edu/agentic-

ai/slides/introduction_25.pdf

https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf


Agent Card 

TOML

Python tool functions 

MCP tools

Other resource

AgentBeats

SDK

Agent Instances
(red/blue-teaming / 

general purpose / 

env hosting …)

Other A2A-

Compatible 

Agents

AgentBeats 

Service

Evaluations

Leaderboard

Execution 
Trajectories

Agent Registry

…

▪ Standardization → Unified SDK + A2A/MCP + consistent workflows

▪ Openness → Public agents, benchmarks, and hosted environments

▪ Reproducibility → Auto-reset + hosted runs + automatic multi-level trace logging

▪ Easy-to-use → One-file instantiation with CLI + on-platform & self-hosted options

▪ Rich integration → Web agents /  coding agent /  prompt injection scenario /  jailbreaking…

AgentBeats: An Open Platform for Agent Evaluation and Risk Assessment

AgentBeats: An Open Platform for Agent 

Evaluation and Risk Assessment



References

• https://rdi.berkeley.edu/agentic-ai/slides/introduction_25.pdf
• Large Language Model Agent: A Survey on Methodology, Applications 

and Challenges
• A Survey on Large Language Model based Autonomous Agents

75
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