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Agenda

• LLM vs LLM-based AI Agent
• AI Agent Applications
• LLM Reasoning
• AI Agent Main Components
• System Architectures (single agent/multi agents)
• Challenges
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Agent in RL

95-891: Introduction to Artificial Intelligence  

Agent

Environment

Action

at
Reward
Rt

The reinforcement learning framework is an interaction between an agent and 
an environment, where the agent observes state(feedbacks), takes actions 
according to a policy(what has been learned), and aims to maximize 
cumulative reward.

Sutton, R. S., & Barto, A. G. (2018). 
Reinforcement Learning: An Introduction



Limitations of the Agent in RL
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Sutton, R. S., & Barto, A. G. (2018). 
Reinforcement Learning: An Introduction

• One Task specific, lack of general capabilities. 

• Credit assignment (temporal assignment/value issue)



LLM Recap
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LLMInput text Output text

No interaction with environments!



Coding with LLMs
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Help me build a calculator in Java.

(java code)

Find a bug in the provided code.

(Paste the error to the chat window).
read the error and detect the issue, 
then provide the updated java code

… (after many turns) …



AI Agent = LLM + Agent
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Coding with AI Agent - Cursor
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Gaming with AI Agent– Minecraft Civilization
The first simulations of 1000+ truly autonomous agents collaborating in a 
virtual world, w/ emergent economy, culture, religion, and government.
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AI Agent Applications - Researcher

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

Agents4Science Conference 
by Stanford



General AI Agent – OpenAI Atlas/Manus
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General AI Agent – OpenAI Atlas
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AI Agent Applications
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AI agents are rapidly adapting to diverse domains while 
demonstrating the ability to handle progressively more 
complex workflows.
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What makes all these magic happen?
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Main Components of AI Agents 



AI Agent Internals
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AI Agent Internals 
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AI Agent Internals Comparison 
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Q: Which component of AI Agent is missing? Potential reason?
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The origin: LLM Reasoning



Thinking Fast & Slow
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Kahneman, Daniel. "Thinking, fast and 
slow." Farrar, Straus and Giroux (2011).

• System 1:
Fast, automatic, pattern-based, 
intuitive. It just “spits out an 
answer.”

• System 2:
Slow, deliberate, step-by-step, 
logical. It thinks, checks, plans, 
corrects.



LLM Reasoning
• Chain-of-Thought (CoT): A coherent series of intermediate 

reasoning steps that lead to the final answer for a problem.
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LLM Reasoning – Let’s think step by step
LLMs are decent zero-shot reasoners by simply adding “Let’s think 
step by step” before each answer.
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Interaction Mode - ReAct
• ReAct: Synergizing Reasonsing + Acting.
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Interaction Mode – Plan&Act
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Interaction Mode - Reflexion
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• Core Idea: Reflexion is about 
enabling large language 
model agents to learn from 
their own verbal feedback 
rather than direct parameter 
updates.

• Mechanism: It uses a kind of 
verbal reinforcement 
learning, where the model 
reflects on mistakes and 
stores those reflections to 
improve future performance.



Planning
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• LLMs are Zero-Shot Planners

https://arxiv.org/pdf/2201.07207



Planning - PlanBench
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https://arxiv.org/pdf/2206.10498
https://arxiv.org/pdf/2305.15771

BlocksWorld

In 2022, LLMs are not planners at all!

https://arxiv.org/pdf/2206.10498


Planning - PlanBench
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https://arxiv.org/abs/2409.13373

LLMS STILL CAN’T PLAN; CAN Large Reasoning Models?

Large Reasoning Models perform better than LLMs as a planner.



Planning – TravelPlanner(2024)
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https://arxiv.org/abs/2402.01622



Planning – TravelPlanner(2024)
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https://arxiv.org/abs/2402.01622

In 2024, TravelPlanner is too hard for LLMs.



Planning – TravelPlanner(2024)
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https://arxiv.org/abs/2402.01622

Agnet’s ability to optimize cost-intensive
aspects of planning is limited.



Planning – TravelPlanner(2025)
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https://arxiv.org/abs/2404.11891

MIT: Planner + Tools

Tools are game-changer and they helps a lot!



Planning – TravelPlanner(2025)
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https://arxiv.org/abs/2404.11891

With the help of tools, AI agent’s performance improved a lot!



Takeaways – AI Agent Planning
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• LLMs ≠ zero-shot planners; LRMs > LLMs. PlanBench shows plain LLMs 
struggle; LRMs are noticeably stronger.

• Hard, cost-constrained tasks expose limits. On TravelPlanner, agents falter 
when budgets/times and many constraints must be optimized together.

• Tool-augmented wins. Pairing GPT/Claude with an SMT solver pushes 
TravelBench accuracy past 90% by enforcing constraint satisfaction.



Action/Function Calling
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Folder Search Online Search Python Date/Time



Action/Function Calling
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Python

23x52=?

<think> It’s a math question. To do it 
correctly, I will call the python 
environment.

Python(23x52) -> 1196 is returned.
<\think>

23x52 = 1196
def Python(x,y,..):

 def func1()

 def func2 ()



Action/Function Calling
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https://arxiv.org/pdf/2310.03128
https://arxiv.org/pdf/2502.11271

https://arxiv.org/pdf/2310.03128


Action/Function Calling
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https://arxiv.org/abs/2305.14318
https://arxiv.org/abs/2309.17428

https://arxiv.org/abs/2305.14318


Recent – Claude Skills
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Takeaways – AI Agent Function Calling
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• Function calling serves as both a response verification mechanism and a 
way for AI agents to actively retrieve information, enabling more grounded 
and reliable reasoning processes rather than relying solely on parametric 
knowledge.

• The tool set keeps growing, and strong agents can even write/attach new 
tools (APIs, scripts, wrappers) on the fly when gaps appear.

• Beyond single APIs, agents can package procedures as modular skills 
(plans/policies) that are composable, shareable, and callable in future 
tasks.



Memory 
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Memory – ChatGPT’s Memory 
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Q: Do we have access to ChatGPT’s Long-Term Memory?



Memory – Recent Work
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Takeaways – AI Agent Memory
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• AI agent memory systems are modeled after human cognitive architecture, 
implementing both short-term memory (for immediate context) and long-
term memory (for persistent knowledge storage).

• Important information can be transferred from short-term to long-term 
memory, mimicking the consolidation process in human memory where 
significant experiences are retained while transient details fade.

• Key open problems include: how to store memory efficiently at scale, how 
to dynamically manage memory updates and forgetting, and how to 
accurately retrieve relevant memories when needed—all critical for building 
practical, long-running agents.
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AI Agent System Architectures



Single-Agent Systems

95-891: Introduction to Artificial Intelligence  

A single-agent system works like a solo specialist. It’s designed to 
operate independently, using its own logic and models to get things 
done, no hand-holding, no teamwork. It collects data, makes 
decisions, and executes actions, all on its own.



Multi Agents Systems (MAS) Structures
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Think of a multi-agent AI system as a high-functioning team, not a 
solo act. Instead of relying on a single AI to do everything, it brings 
together multiple AI agents—each one responsible for a part of the 
problem. These agents talk to each other, collaborate, and adapt to 
changes in real time.



Multi Agents Systems (MAS) Structures
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Multi Agents Systems (MAS) Structures
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• Multi-agent debate makes the system smarter in findings.



Single Agent vs. Multi Agents
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Q: Is Multi Agents System always better than the 
Single Agent System?



Single Agent vs. Multi Agents
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Q: Is Multi Agents System always better than the 
Single Agent System?
Not really!
• MAS’s advantage diminishes as models become stronger.



Single Agent vs. Multi Agents
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Not really!

• Researchers from JHU demonstrate that debate can lead to a 
decrease in accuracy over time. Models frequently shift from 
correct to incorrect answers in response to peer reasoning.

• Besides, MAS is slower and requires more computation.

Q: Is Multi Agents System always better than the 
Single Agent System?



Single Agent or Multi Agents?
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• The task is focused and linear
• One system or domain is 

involved
• You need a fast prototype or 

lightweight solution

• Tasks involve multiple distinct 
roles

• The process spans across 
tools and teams

• Decisions need coordination 
or negotiation between agents



Frameworks in Practice
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https://www.digitalocean.com/resources/articles/single-
agent-vs-multi-agent
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Current Challenges



Challenges - Reasoning

• Faithfulness of Reasoning
• Chain-of-thought (CoT) explanations are frequently unfaithful: the model 

gives a nice-sounding step-by-step story that did not actually cause its 
final answer. Bigger / stronger models do this too, not less.

• Overthinking
• Several studies show that after a certain point, more steps = more 

chances to introduce an error, second-guess a correct answer, or talk 
themselves into a wrong conclusion. 
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https://arxiv.org/abs/2502.08235
https://arxiv.org/abs/2505.17813

https://arxiv.org/abs/2305.04388
https://arxiv.org/abs/2402.04614
https://arxiv.org/abs/2406.10625
https://arxiv.org/abs/2307.13702
https://arxiv.org/abs/2402.13950
https://arxiv.org/abs/2505.13774

https://arxiv.org/abs/2502.08235
https://arxiv.org/abs/2505.17813
https://arxiv.org/abs/2305.04388
https://arxiv.org/abs/2402.04614
https://arxiv.org/abs/2406.10625
https://arxiv.org/abs/2307.13702
https://arxiv.org/abs/2402.13950


Challenges - Tool use reliability
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Q: What if internal knowledge and external knowledge 
is conflicting?



Challenges - Tool use reliability
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• LLMs will increasingly revert to their priors when the original 
context is progressively modified with unrealistic values.

• 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.

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



Challenges – Long Context
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Recent work try to solve the long context problem by turning long
contexts into 2D images so the LLMs can deal with extreme long
content efficiently while still keeping the meaning intact.



Summary
• AI Agent = AI + Agent: AI agents transform passive LLMs into active 

problem-solvers by enabling autonomous interaction with environments, 
allowing them to tackle diverse problems independently rather than just 
responding to queries.

• Core Components: Reasoning-Driven Architecture Reasoning serves as 
the foundational capability, supported by three critical components: 
planning (task decomposition and strategy), function calling (tool use and 
information retrieval), and memory (context retention and knowledge 
consolidation).

• Single vs. Multi-Agent: Task-Dependent Trade-offs Architecture choice 
depends on task complexity and structure. Notably, the advantages of multi-
agent systems are diminishing as individual LLMs become more capable, 
reducing the need for agent specialization and coordination overhead.

• Key limitations remain unsolved: reasoning imperfections (hallucinations 
and overthinking), unreliable function calling execution, and long-context 
management issues that affect both performance and scalability.
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