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This Tutorial: 
Goals and Outline
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Goal 1: How can AI and LLMs help you?

enabling more efficient 
task execution

pushing the boundaries of 
knowledge

Automating the Research 
Workflow

Generating Novel Insights
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Goal 2: Automating the use of AI

Directly talk to the AI Write programs that call the AI Get AI to direct other AIs
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Plan for this Tutorial
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Part 1: Getting Started with Agents
Part 2: Automating the Research Workflow with Agents

Focus on Agentic Workflows 
(see U Chile tutorial and Columbia tutorial (w/ Santiago Balseiro) for other modes)

Part 3: Theorem Proving with Agentic AI
Part 4: Data Science with Agentic AI

https://www.renatoppl.com/slides/ai-tutorial-chile.pdf
https://www.renatoppl.com/slides/ai-tutorial-columbia.pdf
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Workshop this afternoon
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● There will be a workshop this afternoon, continuing the theme of this tutorial
○ Panel Discussion on “How will AI tools change EconCS research 

and education?”
Panelists: Yiling Chen, Yannai Gonczarowski and Matt Weinberg.

○ Keynote talk by Mark Sellke (OpenAI) “On the Disproof of the Unit 
Distance Conjecture”

○ Contributed talks on problem solving in Econ, CS and OR using AI
○ EconCS Bench: list of 20+ problems contributed by leaders of the 

community, as testbeds to track the advancement of AI tools in EconCS 
problems
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Important disclaimers

Rapidly evolving 
technology

AI is evolving very fast, 
and the current tutorial 
reflects the technology 
right now. In a few 
months, the tools 
available could be very 
different.

Personal 
experience

Tutorial is based on our 
own experienced trying 
to do Research using AI 
and reflects our subfield 
(Theoretical Computer 
Science, Algorithmic 
Game Theory, 
Operations Research).

Our intuition and 
understanding is also 
evolving as we go.

Practical / 
Example-Driven

We will try to give many 
ideas of prompts and 
example of what can be 
done.

Gemini Examples

Examples will be based on 
Google technologies 
(Gemini, Gemini CLI, 
Colab, Antigravity,...) but 
the tutorial should apply 
to any similar technology 
out there.
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● Try again if you had a bad experience in the past: Tools have evolved 
remarkably over the past six months, resulting in significantly better performance.

● Own it and declare it: Most academic conferences and journals allow the use of 
AI, provided its application is explicitly declared.

● Be aware of the pleasing bias: LLMs are trained to be helpful, which means they 
will do their best to provide an answer even if it involves producing a highly 
plausible, yet entirely flawed, proof.

Things to keep in mind
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● Research still requires lot of effort (even with AI)
○ Asking the right questions & providing the right intuition
○ Ensuring scientific and mathematical rigor
○ Using the tools efficiently

● … but you may end up spending time doing other things
○ Some formerly labor-intensive activities become effortless
○ You spend more time trying prompt variations, checking arguments, 

proof-reading, …

● Long run: With tedious tasks out of the way, we hope AI will help us focus 
on what matters and allow us to tackle more difficult tasks.

No magic bullet
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Part 1: 
Getting Started with 
Agents
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Why AI Agents?

● From Passive to Active: Shift the paradigm from generative AI (responding 
to prompts) to agentic AI (autonomous goal-pursuit)

● An AI agent is a system capable of reasoning through complex objectives, 
breaking tasks into steps, interacting with its environment, and executing 
actions using external tools

11



Anatomy of an AI Agent

LLM
Foundational model

Harness
Manages state, memory, 
tools, and base prompt

AI Agent

Tools
Allow interaction 
with outside world

Base Prompt
Instructions in 
natural language

Agent config

Outside world
File system, code 
execution, APIs, 
databases, WWW

User prompt,
feedback, etc.

Responses, 
plans, etc.
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Antigravity IDE (https://antigravity.google/) 

● Integrated Development Environment (IDE) built on VS Code

● Native app originally designed for coding, but can do a lot more
○ Can compile code, access to computer tools (browser, terminal)
○ Edit and compile Latex files
○ Agentic platform: agents can perform tasks on your behalf

● Free of charge, but requires a Gmail account

● Similar software provided by other companies too
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Set up instructions

● Download and install the Antigravity IDE:
○ Available from: https://antigravity.google/download#antigravity-ide
○ Note: Antigravity 2.0 is a separate application; we will specifically use the IDE.
○ You will need to login with a Gmail account

● Optional recommended software (required for specific demos):
○ Python: https://www.python.org/downloads/
○ Latex Distribution:

■ Windows: https://miktex.org/
■ MacOS: https://www.tug.org/texlive/

○ GitHub: https://github.com/ 
○ You may use the agent to verify if these tools are correctly installed on your system.
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https://antigravity.google/download#antigravity-ide
https://www.python.org/downloads/
https://miktex.org/
https://www.tug.org/texlive/
https://github.com/


Welcome screen Choice of 
different models

Choose a folder 
on your computer 
to work

You can set up a 
git repository as 
well

First step:
File > Open Folder

Toggle agent 
sidebar
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The main view 

Files

Text editor

16

User input to 
the agent



Permissions or `How much do you trust agents?’
● Click on the gear (⚙) on the top bar and “Open Antigravity IDE User 

Settings”
● Select “Permissions”

● YOLO (you only live once) mode allows the AI to execute file edits, terminal 
commands, and deletions without manually prompting you for approval

● You can also specify commands and directories are restricted 17



Model quotas

● Click on the gear (⚙) on the top bar and “Open Antigravity IDE User 
Settings”

● Select “Models”
● Quotas refresh daily or 

weekly depending on the 
plan

● Free and Google AI Plus 
plans are very limited

● Google AI Pro provides 
good quotas with 
few-hours-long cycles

18
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Latex workshop extension Install Latex 
Workshop

Extensions
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Editing LaTex documents 
Compile file

Reverse search: 
⌘ + click

Internal PDF viewer

20
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Part 2: 
Automating the 
Research Workflow 
with Agents

21



Syncing and working on an Overleaf project

In Overleaf: Account (    ) > Account settings > Project synchronisation 

22

Link GitHub account



Exporting an Overleaf project to GitHub

In Overleaf : Navigate to your project > Integrations > GitHub

23

Integrations

GitHub

Create

Add 
description



Finding the URL for a GitHub repo  
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Code

Copy



Generating a GitHub personal access token

In GitHub: Click user (top right) > Settings > Developer settings 

25
Personal access tokens

Generate and copy PAT



Cloning the GitHub repo from Antigravity

26Provide PAT 

Ask agent to clone 

URL from GitHub 



Pushing back to GitHub and Overleaf
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● Use ‘git push https://<your 
PAT>@github.com/paulduetting/AGT-Lecture-Notes.
git main’ to push changes pack to GitHub repo 

● Alternatively, you can ask the agent to push

URL & PAT from 
earlier

In Overleaf: Integrations > GitHub:
Pull

Integrations

GitHub

http://github.com/paulduetting/AGT-Lecture-Notes.git
http://github.com/paulduetting/AGT-Lecture-Notes.git


Compiling Latex documents
● Latex errors are famously cryptic and fixing compilation errors is frustrating
● Trying to compile bestresponse.tex via play symbol  (▶) results in an error

Accept or 
reject changes

Summary of 
changes (Tikz 
code was 
broken)

28

Compile



Compiling Latex documents

After 
accepting the 
changes, the 
paper and 
figure compiles 
without errors
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Proofreading
● Large language models are excellent at proofreading documents, checking grammar, and 

math formulas.

30
Used @mention

[...]

[...] Once you are happy with the plan, you can 
ask the agent to carry it out
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Reviewing a paper

● Give as many details as possible
○ Which conference/journal you are submitting
○ What should reviewer focus on? (Grammar, math errors, gaps in logic, 

missing references, …)
○ Maybe specify something about the reviewer (adversarial, unconvinced 

about your research agenda, looking for reasons to reject, ...)
○ It is useful to specify the output (latex document)

31

From chatbot
mode, but also true 
for agentic mode

Doing this with an agent has several 
advantages: E.g.: “I checked and the typos 
identified are indeed typos. Please fix them all”
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Examples of AI feedback
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PDF

Keep in mind the “thinking budget”

● The model has limited “attention” and time spent thinking
● It is useful to make the model focus on a specific part of the paper
● PDF is fine, but LaTex source is even better since there are no errors 

introduced by PDF parsing

LaTeX source

34

From chatbot
mode, but also true 
for agentic mode



Adjusting notation
● Adjusting notation can be usually achieved using search and replace, but this can be error 

prone and time consuming (esp. for math). 

35

Ask model for a plan first

… check and ask to execute



Creating figures

36

(or: Tikz figures are nice, but hard to generate by hand) 

Ask the 
model to 
refine

Only 
lecture 
with 
.png 
figures 

Ask the model for help
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Creating figures

Add media

37

Better: use @tree.tex

● You can also hand-draw a figure, then ask the model to turn it into Tikz.



Talking to a paper
● You can ask the model to explain certain steps of a proof (e.g. why a certain theorem can be 

applied, or which concentration bound is used)

38

[...]

Ask questions



Proving theorems
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Use label{thm:...}, match notation, style …

Typically a 
good idea to 
ask the 
model to 
double check

● You can also ask the model to add proofs (esp. if 
these are known results)

We will 
return to 
proving 
theorems 
in Part 3!
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Copy-editing

● Copy-editing works best with small section at a time
● Give the full context, conference, topics…
● Directions such as “keep my original voice”, “make it idiomatic”,  …
● “Keep the sentence structure relatively similar to the original unless 

a change significantly improves clarity”

40

From chatbot
mode, but also true 
for agentic mode

Also useful for lecture notes (e.g., match style of my 
MA314 lecture notes)

Again, doing this 
with an agent has 
several advantages 
(e.g., iterate on edits  
before they are 
applied)
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Prompt for prompting

● If unsure what prompt to use, use Gemini (or your favorite chatbot) to suggest 
the prompt.

● It is useful to keep a list of “prompt templates” that worked for you in the past.

41

The version of this in 
agentic workflows is to 
ask the agent to write a 
plan and then you 
comment on the plan 
(you can still do prompt 
for prompting though)
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Implementing algorithms

Not what I 
expected but 
90% there.

42
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43

Implementing algorithms
Not quite there yet since the algorithm 
contains parameters that need to be tuned 
for the data:
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Implementing algorithms
● After a few rounds of interaction (e.g. asking AG to

tune the parameters of the algorithm):
● Usually requires verifying the 

code, fixing mistakes, tweaking 
parameters, …

● Some of that is manual and some 
of that you can ask the model to 
do using follow-up prompts.

● Bonus: “Can you design a logo 
for the algorithm:” 

44



Summarizing and rearranging content
● Agents are useful for summarizing content and reorganizing a paper

● Ask agent: “Make a plan to shorten the paper by 20%”

○ The agent will propose how to shorten different sections. You can provide feedback on 
where to focus

● Ask agent: “Fit the body in 9 pages”

○ In Latex, we only learn where content lands after compilation. Agents can (i) look at the 
compilation output to check the number of pages or (ii) open a web browser to view 
the PDF file with the internal viewer and then perform OCR to detect placement

● Ask agent: “Move all proofs to the appendix, adding references in the 
main body”

45



Further tips on using Antigravity
● Use Mentions (@) to provide context: The agent uses the current opened file for context, but 

as projects get large you can use “Mentions” or drag-and-drop to add files to the context.

● Context pollution degrades performance: As conversations get long, irrelevant information 
clutters the AI context window, degrading its reasoning and task focus. Create New 
Conversations (+) periodically.

● Prompt for Prompting: Especially for very long tasks, focus on getting best best possible initial 
prompt (iterate on the prompt using Antigravity itself). For example: ”Help me craft a prompt to 
do X”

● Give examples: Very useful to point Antigravity to something that is already done: ”Read the 
files in this folder / read these notes for inspiration.”

● Iterate on a design doc: Ask Antigravity to write a design doc and explicitly ask it to review with 
you before starting to implement it: ”Write a design doc and let’s review it together.” Then write 
comments in the design doc and iterate from there.

46



● Let Antigravity run things for you: Ask Antigravity to run programs for you. Very useful for 
experiments: “Run this in script for me and babysit the run. If it crashes, fix the errors and 
re-run.” The keyword babysit is very useful.

● Run parameters sweeps. To tune algorithms or find the best set of parameters, you can ask 
Antigravity “Run a sweep for parameters a and b. Produce a table comparing results.” 

● Don’t be afraid to ask Antigravity to figure things out: If you don’t know something ask 
Antigravity to figure out. Or better: “Figure out some options and let’s discuss them.”

Further tips on using Antigravity

47
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Part 3:
Theorem Proving with
Agentic AI

48
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● Type 1: “I don’t know the proof of that statement but the right 
mathematician probably knows it.”

This is the domain where AI tends to be more useful as of today. However, 
guiding the AI to a rigorous proof may still require careful human steering.

● Type 2: It is truly an open problem for the research community.

AI is beginning to make progress here, but this is significantly harder. 
Success typically requires combining human intuition with structured AI 
workflows.

Two types of theorem proving

49



Brainstorm strategies

50



Problem solving idea: Ralph Loop
Strategy #1: Ralph Loop: keep trying until 
you succeed

51



Problem solving idea: Ralph Loop

52
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LLM call patterns: Actor-Critic / Self Reflection

● With chatbots: manually call the model to prove a statement, then call it to review 
the statement, then call it to fix the bugs, then call the verifiers …

● Automate using: Actor-Critic loops / AI Debate / Self-Reflection

Actor Critic

proposed solution

feedback

53
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LLM call patterns: Actor-Critic / Self Reflection

● Before: manually call the model to prove a statement, then call it to review the 
statement, then call it to fix the bugs, then call the verifiers …

● Automate using: Actor-Critic loops / AI Debate / Self-Reflection

Actor Critic

proposed solution

feedback

54

This pattern is very useful when the Critic is 
something more structured:

● Autoformalizer like Lean
○ See afternoon workshop

● Heuristic Scoring functions
○ E.g. AlphaEvolve

● Other algorithms
○ Equilibrium solver (game theory)
○ Optimization solver
○ Controller
○ …
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● Parallelize & Aggregate: Call the model n times and then ask to choose the best solution 
or choose majority voting if binary/categorical recommendation

● Plan & Execute: Ask the model to propose a plan and then make one call the execute 
each of the steps of the plan

● Least-to-Most: Ask the model to propose a simpler/approachable subproblem, then a 
call to solve it. Then ask the next approachable subproblem, then a call to solve it…

● Primal-Dual: Two calls asking the model to prove and disprove a statement. Then a call 
to a judge to decide which direction to take.

● Routing: Create different prompts to attempt to solve the problem via different  
techniques (e.g. geometry, algebra, analysis, probability, …) forcing the model to explore 
different directions. Then one call to get best possible directions.

Other LLM call patterns

55



Problem solving idea: Primal Dual
For the theorem below, start two separate 
agents, one trying to prove and one trying 
to disprove it. Each of them should produce 
a tex file with the conclusions. Then have a 
third agent to evaluate both and generate a 
final report.

56



Problem solving idea: Parallelize and Aggregate

For the theorem below, start five separate 
subagents attacking the problem from 
different directions.. Each of them should 
produce a tex file with the conclusions. Then 
have another agent evaluating them and 
reaching a final conclusion.

Problem

Branch 1

Branch 2

Branch 3

Aggregator Solution

…

57



Encouraging the model to think longer

58

● You can encourage the model to think longer:
■ “Don’t stop until you find a proof or a 

counter-example.”
■ “Provide an exhaustive response. Do not rush to a 

conclusion.”
■ “Take your time and explore all nuances ….”
■ “Don’t hesitate.”

● With those, you need to be more mindful of token usage.



● Create skills / workflows: After a non-trivial operation that will be useful in the 
future, you can ask Antigravity to create a skill / workflow and save it somewhere

○ Modern version of keeping a prompt library
○ Example: Antigravity Arvix Skill

● Create your own agents / orchestration patterns: You can brainstorm with 
Antigravity how to create the best pattern / orchestration to solve your problem. In 
general, take the time to discuss with the model:

○ What is the right prompt to use
○ Iterate on a plan
○ Decide what is the right orchestration strategy

● Then start… For difficult tasks, if well specified, Antigravity can run for hours 
autonomously.

Create your own skills, workflows and agents

59

https://github.com/google-deepmind/science-skills/blob/main/skills/literature_search_arxiv/SKILL.md


● For example, consider the submissions to
FirstProof Second Batch:
https://1stproof.org/assets/docs/report.pdf 

How to use existing workflows….

60

https://1stproof.org/assets/docs/report.pdf


● Here is the code for the submitted workflows / harnesses (ETH & Aarhus group): 
https://github.com/1stproof/batch-2/tree/main/batch-2-submissions 

● Let’s find out what they do…

How to use existing workflows….

61

https://github.com/1stproof/batch-2/tree/main/batch-2-submissions


How to use existing workflows….
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How to use existing workflows….

63

Prompt: Please read the FirstProof Second Batch report 
https://1stproof.org/assets/docs/report.pdf and the implementation of 
improofbench in 
https://github.com/1stproof/batch-2/tree/main/batch-2-submissions/improofben
ch and create a custom subagents that I can run in this session that have the 
same behavior of improofbench. Create separate subagents for planner, 
worker and critic. Use the prompt best practices there. Actually, do some 
online research to find prompt best practices for solving math problems and 
incorporate them here. Then show me how I can call it to solve a research 
problem in this session.



How to use existing workflows….
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How to use existing workflows….
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How to use existing workflows….

66
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Prompt: 
This is my DBLP page: https://dblp.org/pid/53/1607.html 
please fetch the tex file from the last 5 papers on arXiv, 
read them in detail and extract two open problems for 
each. For each problem create an entry as an md file that 
describes the open problem with the background and 
mentions the paper it came from.

Use Case: Generating Open Problems
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Prompt (refined using Gemini):

Use case: Educational Algorithm Implementation
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Use case: Educational Algorithm Implementation
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Techniques that are usually helpful

The AI as a smart junior collaborator: What advice / hints would you give a 
student working on this problem?

● Provide as much intuition and references as possible. If you have old 
research notes lying around for unsolved problems, try to enter them 
as context .

● Give as much detail as possible (what special cases are known, 
impossibilities, potentially some useful lemmas).

● Add related references to the context (“this may be related to Lemma 
… in the PDF attached”).
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Part 4:
Data Science with
Agentic AI
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Data science example: NYC Citibike Data
Let’s start exploring the data 

AG asking for permission to 
read this webpage. 72



Data science example
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Data science example

AG will install necessary packages:
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Data science example
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Data science example
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Data science example

figures out how to get the data

preliminary analysis of 
the dataset

Here we ask AG to download a different 
dataset (TLC data) in a different format 
and compare them. Our instructions are 
vague here on what comparison we want.
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Data science example
Plan to reconcile the data: Asks the user what comparison we want:

78



Model poses open 
questions to the user.

Data science example
Since it is a complex task, AG will 
generate a plan that you can 
comment on before it executes.
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Data science example
Python scripts

80



Data science example
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Regression with NYC Weather Data

Asks to install stats tools:

Figures out how to get NYC weather data:
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Regression
Plan for a complex workflow:

chooses two stations

discusses where to get weather 
data and what features to extract

proposes two regression 
methodologies 

Starts a task list:

83



Regression

84



Is it correct?

● Remember… no magic bullet. You still need to check the work, similar to when 
working a research assistant.

● One trick is to ask another student to review the work. You can ask: 
“Instantiate an independent evaluation agent with no prior context of 
the current development thread. Direct the agent to execute a 
comprehensive audit and generate a detailed report of all identified 
errors and inaccuracies.”

○ Alternative: open a new conversation
○ Try asking different models to do the verification.

○ Try asking k separate agents to do independent verifications.
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Is it correct?
● If it all passes, it is time for a human to check it.
● Ask Antigravity to explain things:

○ “Can you explain what function X is doing?”
○ “Please add comments in file Y to explain what each line is 

doing.”
● Or you can challenge it with corner cases:

○ “Write a test that verifies if this corner case is correct.”
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Using version control (git) as a safety net
When pair-programming with AI agents, version 
control is your safety net. Checking out previous 
states or branching your codebase allows you to 
experiment freely, track the agent's changes, and 
easily roll back if the implementation heads in an 
unexpected direction.

87

If you don’t want to learn git,
ask the agent to do execute
commits, pull, push,
checkout on your behalf….



Visualization

First we ask to help us refine the prompt: Paste the prompt in a new conversation:
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Visualization
Different agents are dispatched to do 
different parts of the project: data 
processing, create HTML/Javascript, …

89



Visualization
Different agents are dispatched to do 
different parts of the project: data 
processing, create HTML/Javascript, …

90



Visualization
Change to a light color scheme with a 
hand-drawn map
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● Different tasks require levels of “human in the loop”
○ One end: read all the reports and interact with AI as your collaborator
○ In between: advisor-student relationship, where AI runs autonomously for 

some time but you inspect and steer it from time to time
○ Other end: specify the problem and let the AI run for hours / days / …

● For more complex tasks, you may want to try an agentic IDE like Antigravity instead.

● Human ingenuity is still there, but we may be using different workflows

● In the past, a lot of engineer’s time was spent doing 
calculations and computers freed up time for us to
spend in more complex tasks. We hope AI will help
focus on creativity on  tackling more difficult
problems.

Final thoughts
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● Don’t assume the systems can’t do something. Models are 
getting better very fast.

● But getting what you want may require many iterations 
(back-and-forth, corrections, restarts, novel agentic loops)      
→ new kinds of difficulty

● Always check the work!
● How you ask matters a lot. Try different prompt variations and 

ask Gemini to refine prompt ideas. Try different systems.
● How the research community should evolve in the presence of 

AI is a big open question.

Final thoughts
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For more advanced techniques, come to our workshop in the afternoon!

Feedback to {duetting, renatoppl}@google.com
Slides are available at renatoppl.com/ai/tutorial.html

Thanks!
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