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How can I calculate class centroids for a 
classification task?

To calculate class centroids for a 
classification task, you'll first need to have 
your data in a suitable format, such as a 
NumPy array or Pandas DataFrame …

…

Okay, and how can I use these centroids
to classify unseen instances?

Once you have calculated the class 
centroids, you can classify new 
instances by finding the centroid closest 
to the instance…

Conversational Agents



Interaction With External Environments 

Action

Observation

Interaction with a Wikipedia API 
Yao et al. 2023

https://arxiv.org/pdf/2210.03629


Interaction with External Environments

Move to the green cross.

move forward

move forward

turn right

move forward



Digital Assistants: Navigating User Interfaces

Find one-way flights from New York to Toronto.

type [‘New York’] [From*]
type [‘Toronto’] [To*]

select [‘Toronto, ON, CA 
(YYZ)’] [To*]



Trivedi et al. (2024)

Digital Assistants: Orchestrating APIs

https://arxiv.org/pdf/2407.18901


Example Task



Coding Assistants



https://openclaw.ai/

Personal Assistants

https://openclaw.ai/


How Can LLMs Operate Tools?

Source: huggingface.co

exec( )

https://huggingface.co/docs/hugs/guides/function-calling


MxN Integration Problem

Application

Source: huggingface.co

Application

Application

Application

Application

MCP (Model Context Protocol)
a standardized way for connecting 
applications and tools/APIs

https://huggingface.co/learn/mcp-course/unit1/key-concepts
https://modelcontextprotocol.io/docs/getting-started/intro


Architectural Components of MCP

Host:
user-facing AI application that end-users interact with

● AI Chat apps like ChatGPT or Claude Desktop
● Custom AI agents built in libraries like LangChain

Source: huggingface.co

Client:
a component within the Host application that manages communication with 
a specific MCP Server

Server:
an external service that exposes capabilities (tools, data, etc.) to AI models via the MCP protocol

https://docs.langchain.com/oss/python/langchain/overview
https://huggingface.co/learn/mcp-course/unit1/architectural-components


MCP Server
Simple MCP server exposing an addition tool



Developer Tool: MCP Inspector
an interactive developer tool for testing and debugging MCP servers (see MCP inspector)

https://modelcontextprotocol.io/docs/tools/inspector


Connecting a Host to a Server



Example Project Structure

● think of an interesting, complex use case to be addressed by an agent

● implement a baseline agent/server framework for solving the task

● collect data to evaluate your agent
○ Many possible approaches for evaluation

● improve your agent/server framework

https://arxiv.org/pdf/2503.16416


Schedule
Week Date To Dos

16 13.04. Kick-off Check out tutorials, come up with an initial idea

17 20.04. Present ideas
Meet with group mates, re-fine topic. Meet with me to discuss the 
re-fined topic

18 27.04. -

19 04.05.
Present re-fined group project, 
discussions Write-up project proposal. Hand in: 11.5.

20 11.05. -

21 18.05. Progress presentations

22 25.05. Holiday

23 01.06. Progress presentations

24 08.06. Progress presentations

25 15.06. Progress presentations

26 22.06. Progress presentations

27 29.06. Progress presentations

28 06.07. Progress presentations

29 13.07. Progress presentations

30… 20.7. … -

35 31.08. Hand in -



Schedule

● Monday slot for progress presentations with whole course

● Additional weekly 30 min meeting slot per group
○ either Tuesday or Wednesday, between 10:00 and 14:30
○ will be scheduled once the groups are in place



Deliverables: Project Proposal

Project proposal (1-2 pages)
● Description of use case
● Description of what needs to be implemented
● Description of planned evaluation
● Statement about the use of AI for writing the proposal

Deadline:  May 11



Deliverables: Final Submission

● Code + instructions on how to run
○ Code has to be executable on a linux machine
○ Code should be hosted on github
○ Including instructions on how to run in a README

● Project documentation: 6-8 pages, ACL style, including
○ How did you implement/configure the agent? What is its functionality?
○ How did you implement the MCP server(s)? What is its functionality?
○ Task description
○ Data collection 
○ Evaluation
○ Challenges & Limitations (including on how/why you deviated from the project proposal, limitations that you noticed 

while working on the project)
○ Possible Future Work
○ Use of AI

Deadline:  August 31

https://www.overleaf.com/latex/templates/association-for-computational-linguistics-acl-conference/jvxskxpnznfj


Grading

● Project work (60%)
● Progress presentations (10%)
● Final report (30%)



Use of AI 

● allowed for support in literature review and coding
● for writing proposal and report: 

○ allowed for reformulating paragraphs you drafted 
○ not allowed for generating the full report

● all AI outputs must be thoroughly reviewed by you
● you must be able to explain anything in the code and report in your own 

words
● any use of AI components for completing the project must be specified in a 

special section of the proposal/report



Resources
MCP

Official MCP documentation [documentation]

MCP for beginners (Microsoft) [tutorial]

MCP course (huggingface) [tutorial]

Example MCP servers [example servers]

Model context protocol servers [example servers]

Python implementation of MCP [software]

Evaluation

Survey on Evaluation of LLM-based Agents
MCP-Universe 
MCP-RADAR
MCPWorld

LLM-based agents

LangChain [software]

Luo et al. 2025 [survey]

Wang et al. 2025 [survey]

https://modelcontextprotocol.io/docs/getting-started/intro
https://github.com/microsoft/mcp-for-beginners/
https://huggingface.co/learn/mcp-course/unit0/introduction
https://modelcontextprotocol.io/examples
https://github.com/modelcontextprotocol/servers
https://github.com/modelcontextprotocol/python-sdk
https://arxiv.org/pdf/2503.16416
https://arxiv.org/pdf/2508.14704
https://arxiv.org/abs/2505.16700
https://arxiv.org/abs/2506.07672
https://docs.langchain.com/oss/python/deepagents/overview
https://arxiv.org/pdf/2503.21460
https://arxiv.org/pdf/2308.11432


ToDos

send me an email (mareikeh@coli.uni-saarland.de) until end of day, including:

● name
● study programme
● why you want/need to take this course
● why you are interested in LLM-based agents
● programming experience
● experience with LLM-based agents in professional or private life (if are you using them and 

how)

If you are accepted for participation, I will send you an invite to a team on Microsoft Teams

mailto:mareikeh@coli.uni-saarland.de


ToDos

● think about an interesting use case for LLM-based agents that you want to 
address in this software project 

● send me a slide introducing your idea on a high level 

(deadline: Sunday, April 19)


