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AI 101: Machine Learning, Self-Driving 
Labs, and AI Agents

Adam J. Gormley
Associate Professor, Biomedical Engineering, Rutgers University
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Outline of Today’s Tutorial

1. Machine learning
2. Active learning
3. Self-driving labs
4. Open-source automation
5. Large language models
6. Calling LLMs in Python
7. AI Agents

9.  Agentic tool calling
10. Model context protocol (MCP)
11. Memory, state, and context
12. Retrieval-augmented generation 

(RAG)
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So… how does it all work?
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Plot twist: You’ve all done Machine Learning!

X

Y

A line of best fit is actually ML!

Getting warmer

Is this line a good 
fit?

Done!

How do you know the difference between a 
good and bad “Best fit line”?

Equation of a line

Residual Sum of Squares
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Plot twist: You’ve all done Machine Learning!

How do you know the difference between a 
good and bad “Best fit line”?

Equation of a line

Residual Sum of Squares

Model

Error / Loss
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Data Model Error

The Universal Framework of Machine Learning
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The Universal Framework of Machine Learning

Data Model Error

Linear Regression Decision Tree Decision Forest Neural Network

Simple Complex
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http://www.gormleylab.com/MLcolab

T.A. Meyer, et al, 2022. A User’s Guide to Machine Learning for Polymeric Biomaterials. ACS Polymers Au. 3: 141-157.
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Active Learning vs. Machine Learning
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Bayesian Optimization

1. Process starts with data seeding
• Many approaches, we use Latin 

hypercube sampling (LHS)
2. Train a model that outputs uncertainty

• Gaussian process regressor (GPR) 
is most common

3. Maximize the acquisition function
• Probability you will learn the most 

information from a new data point
• Expected improvement (EI) is most 

common
4. Measure data point to learn ground 

truth
5. Rinse and repeat

A. Maroulis, et al. A user’s guide to your first self-driving liquid handling lab. In Revision at Digital Discovery. https://chemrxiv.org/doi/full/10.26434/chemrxiv-2025-6ws9m
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Active Learning and Self-Driving Labs

Retrain

Active Learning

A. Maroulis, et al. A user’s guide to your first self-driving liquid handling lab. In Revision at Digital Discovery. https://chemrxiv.org/doi/full/10.26434/chemrxiv-2025-6ws9m
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Democratizing Automation

?
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DIY Liquid Handlers

Pipette Driven 
Liquid Handler

Fluidic System

Storage Plate

Tip Rack/ 
Disposal 

Pen Plotter Driven 
Liquid Handler

XY

Z

Spatial System

Fluidic System

Syringe Pump

Labware

Needle Holder

Z

Y
X

< $1,000 each excluding the e-pipette and syringe pump

A. Maroulis, et al. A user’s guide to your first self-driving liquid handling lab. In Revision at Digital Discovery. https://chemrxiv.org/doi/full/10.26434/chemrxiv-2025-6ws9m
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Minimum Example of a Self-Driving Liquid Handling Lab

AxiDraw

A. Maroulis, et al. A user’s guide to your first self-driving liquid handling lab. In Revision at Digital Discovery. https://chemrxiv.org/doi/full/10.26434/chemrxiv-2025-6ws9m



19/51



20/51

BIG Problem with Self-Driving Labs
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The Rise of AI Agents within the Scientific Method
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Large Language Models

Next-token prediction
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Transformer Architectures

2017
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Transformer Architectures
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Foundation Models



27/51

Calling LLMs in Python 

Key Components
• Model

• Claude: Sonnet, Opus, 
Haiku

• System prompt
• ‘You are a drug delivery 

scientist’
• User prompt

• ‘What polymer is most 
common in 
microparticles?’
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AI Agents
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Agent Workflows



31/51

Outline of Today’s Tutorial

1. Machine learning
2. Active learning
3. Self-driving labs
4. Open-source automation
5. Large language models
6. Calling LLMs in Python
7. AI Agents

9.  Agentic tool calling
10. Model context protocol (MCP)
11. Memory, state, and context
12. Retrieval-augmented generation 

(RAG)



32/51

The Infamous Tool Call
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Tool Call Loop

1. Put an LLM inside a while 
loop

2. Provide them with access 
to the outside world to 
perform actions
• Tool calls

3. Keep looping until the LLM 
stops calling new tools 
and is done
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Model Context Protocol (MCP)

Standardized protocol for sharing tools
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LLMs are Stateless – No Memory

• When you send a prompt 
to an LLM, it has no 
intrinsic memory of you or 
past interactions

• To add memory, you must 
append previous 
interactions to the Context 
Window

• Every time you submit a 
query, you are also sending 
all of your previous 
interactions within a 
session
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Context Engineering

• The state (i.e., context window) 
contains all information being 
sent to the LLM

• Often 1M tokens or 1,500 pages 
of text!

• HOWEVER!
• Too much information leads 

to context rot
• Context engineering is the 

process of manicuring quality 
context
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Retrieval-Augmented Generation (RAG)

• Pipeline for retrieving 
quality knowledge from 
databases
• Semantic search of 

vector databases
• Excellent for searching 

research papers for 
context!

• When provided as an MCP 
server, the LLM can search 
the database to ‘learn’ new 
information in 
milliseconds!
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