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By Konstantin Kakaes, April 13, 2026 [https://www.quantamagazine.org/]

https://www.quantamagazine.org/the-ai-revolution-in-math-has-arrived-20260413/
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This Tutorial: 
Goals and Outline



Goal 1: How can AI and LLMs help you?

enabling more efficient 
task execution

pushing the boundaries of 
knowledge



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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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).

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



Proprietary + Confidential

● 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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● Day 1:  Directly talk to the AI
○ Automating the research workflow
○ Proving results using AI

● Day 2: Automating the use of AI
○ Calling AI programmatically
○ Agentic workflows

Plan for this tutorial:
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Part 1: 
How can AI and LLMs 
help you?
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Getting started:  http://gemini.google.com/
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Part 1a: 
Automating the 
Research Workflow
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● Ask clarifying questions about the model
○ “How does it compare to the setting in paper X”
○ “Please write the full derivation of equation Y”
○ “Please explain what concentration inequality is used in Lemma Z”
○ …

Let’s read a paper by talking to it

Drag and drop a paper
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Question in Portuguese

You can talk to the model in any language

● You can ask questions in any language (and specify 
the format and language of the output)

Paper in English Asking for output in 
Spanish
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Let’s review 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)
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Copy and paste to Overleaf or 
your favorite LaTeX editor.

Or alternatively use Canvas:
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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
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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”



Proprietary + Confidential

Prompt for prompting

● If unsure what prompt to use, use Gemini itself to suggest the 
prompt.

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

Drag and drop a photo
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Verifying equations

● For specialized tasks (solve symbolic 
equations), ask Gemini to write a python 
program to solve it.

● You can run in canvas itself 
● Or open in a Google colab:

https://colab.research.google.com/

Canvas

https://colab.research.google.com/
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Verifying equations
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Implementing Algorithms

Not what I 
expected but 
90% there.
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Implementing Algorithms
● After a few rounds of interaction (improving prompts, 

manually modifying the code and the presentation):
● 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:” 
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Part 1b:
Proving Results   
Using AI
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The art of theorem proving

● Proving new results is as much art 
as it is science

● Requires mathematical rigor

● But also relies on creativity, 
intuition, mathematical taste, a 
sense of beauty, the ability to see 
hidden connections …
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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. 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
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● Formal reasoning & verification
○ Olympiad-level formal mathematical reasoning with reinforcement learning (Nature)

● Structured Human-AI workflows
○ Semi-autonomous mathematics discovery with Gemini: A Case Study on the Erdős 

Problems (arXiv) Also see Wiki

● Algorithmic search & evolutionary discovery
○ Mathematical exploration and discovery at scale (arXiv)
○ AlphaEvolve: A coding agent for scientific and algorithmic discovery (arXiv)

● Agentic loops orchestrating research tasks
○ Early science acceleration experiments with GPT-5 (arXiv)
○ Accelerating scientific research with Gemini: Case studies and common techniques 

(arXiv)

Type 2 success stories

https://www.nature.com/articles/s41586-025-09833-y
https://arxiv.org/pdf/2601.22401
https://github.com/teorth/erdosproblems/wiki/AI-contributions-to-Erd%C5%91s-problems
https://arxiv.org/abs/2511.02864
https://arxiv.org/abs/2506.13131
https://arxiv.org/abs/2511.16072
https://arxiv.org/abs/2602.03837
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Techniques that are usually helpful

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

[this did not work]

[this worked eventually]

I am working on the attached project on combinatorial 
contracts. I am trying to address a gap in one of the proofs. 
This is is Lemma lem:subset-approx, in the final step. Here the 
equality in the final step does not hold, but we hope that we 
can get rid of the constant. See the comment \pdc{...} in the 
source file. Can you help me develop ideas for how to 
approach this?

Let me propose a different direction. There is recent literature 
(e.g., Multi-Agent Combinatorial Contracts, SODA 2025) 
which studies a different contracting problem, but 
encounters a similar challenge. There the authors solve this 
differently: They decompose the solution in a constant 
number of small agents, and then partition the remaining 
agents into a small number of sets. This way they achieve two 
things at once: (a) … and (b) ….

● Ask the AI to brainstorm possible proof 
techniques, or provide intuition on how a proof 
might go.

● 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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
Chat 1: Ask the model to prove the claim.

The primal-dual approach:  If you ask an AI 
to “help prove” a statement, it may try to force 
a proof even if the statement itself is wrong.

forum
Chat 2: Ask the model to disprove that 
exact claim.

true or false

Techniques that are usually helpful

Even if neither of the two “succeed”, it can be 
an effective tool to identify the mathematical 
core of the problem.

To avoid this, consider running two separate 
chats in parallel:

● Chat 1 (“The Primal”): Ask the model to 
prove the claim.

● Chat 2 (“The Dual”): Ask the model to 
disprove that exact claim.
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From specific to general: First prove a 
special case (e.g., n = 2 or assume the 
uniform distribution), either “by hand” or with 
the help of AI.

Special Case
(e.g., n = 2, uniform distribution)

General Case
(e.g. for all n, MHR distributions)

Techniques that are usually helpful

verified 
proofIterate on the proof for the restricted case 

until you are fully satisfied with its logical 
soundness and rigor.

Finally, ask the AI to use your verified proof 
as a template to generalize to the broader 
case.
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Create a “cheat sheet” (context injection): Ask 
the AI to create a summary of useful facts and 
properties about a mathematical object.

Techniques that are usually helpful

For example: “produce a Latex document with a 
collection of useful lemmas and properties of 
regular/MHR distributions”

You can then feed this “cheat sheet” back to the 
AI to tackle the problem you want to solve.
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Resetting context (manage context window): 
Over long derivations, the model can get confused 
by past mistakes or tangential ideas; the model has 
"too much on its mind."

Techniques that are usually helpful

Ask the AI to summarize all verified progress and 
facts established so far. (Requesting this in LaTeX or 
Markdown format makes it easy to copy).

Open a completely new chat window, paste only this 
refined summary, and continue the work with a 
fresh context window.
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Techniques that are usually helpful

Can you help me address the bullet "\textbf{...}". How would you change the proof of this 
<Lemma/Proposition/Theorem> to formalize the argument that you make in the review? 
Proceed as follows: 

1. Review the critique and the proposed fix. 

2. Plan how to update the proof. 

3. Write out a formal proof in Latex. 

4. Very carefully check the proof you are proposing. If there are any issues fix them. 

5. Return the LaTeX code for the new proof.

E.g.: After an AI review, it’s often useful to follow up and ask for a 
LaTeX formalization of the proposed fix: 

“The complete LaTeX code for 
the streamlined proof is provided 
above, and can safely overwrite 

the entire original proof.”

Brilliant idea!

Multi-step instructions (chain of thought prompting): If you 
ask for a final proof immediately, the AI often skips logical steps. 
Force the model to plan first.



Proprietary + Confidential

Combining techniques: A case study

We recently succeeded in proving Theorem F.3 below through a sequential AI 
workflow: an initial AI review to catch a subtle flaw, a variation of the 'specific 
to general' approach to adapt the logic of Theorem 5.1, and multi-step 
instructions to obtain a first proof sketch. 
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● “Can you check if an argument like this one exists in the literature?

● “I have this vague setup/approach in mind. Can you re-define it in terms of 
existing concepts in the literature?” 

Other use cases
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Using Gemini with Lean for formal verification
[Also see this ETH tutorial]

Many well-established proof assistants: 
● Agda
● Rocq
● HOL
● Isabelle
● Mizar
● Lean

Here we will use Lean [https://lean-lang.org/], which 
has an extensive library of already-formalized 
mathematics (mathlib).

https://metaphor.ethz.ch/x/2025/hs/401-3005-00L/slides/checking_proofs_with_lean.pdf
https://lean-lang.org/
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Direct code generation (Manual workflow)  

● You can provide Gemini with an informal 
mathematical theorem (in natural language or 
LaTeX) and ask it to write the equivalent Lean 4 
code.

● Tip: Use Gemini 3 Pro or Ultra for this. These 
models are better at "Long Chain-of-Thought" 
(CoT) reasoning, which helps them plan the 
proof structure before writing the tactics.

● Limitation: Gemini may "hallucinate" lemmas or 
syntax that doesn't exist in mathlib4. You will 
need to manually copy the code into your IDE to 
see if it compiles.

Theorem: If R is a ring, and a ∈ R has both a 
right and a left inverse, then these inverses are 
equal.

Let’s try to prove:

(Informal) Proof:

Let b and c be the left and right inverses of a, then

b = b * 1 = b * (a * c) = (b * a) * c = 1 * c = c 

as claimed.       
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Gemini-generated Lean proof

Important to tell it to use Lean v4 

Copy code
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Does it compile? 

Let’s go to https://live.lean-lang.org/ and copy-paste-the Lean code there:

Yes!
(if not, you will see error messages here)

https://live.lean-lang.org/


Proprietary + Confidential

Summary and Outlook

● What we did today:

○ We focused on “directly talking to the AI”
○ We saw many examples of how AI can automate 

the research workflow
○ And we discussed ways in which AI can assist in 

proving new results 

● Tomorrow we will talk about:

○ Programmatic access to AI / agentic approaches
○ New aspect: working with data Directly talk to the AI
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Teaser for Part 2
● Structuring AI calls: 

How to write code that interacts with AI APIs 
(Python, CLI).

● Agentic workflows:

How to define and execute complex research 
workflows using Antigravity.

● Getting AI to interact with a database: 

How to give the AI access to real-world data 
(e.g., datos.gob.cl).

http://datos.gob.cl
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Part 2: 
Automating AI use



Proprietary + Confidential

Automate your interaction with AI

Directly talk to the AI Write programs that call the AI Get AI to direct other AIs
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Automate your interaction with AI

Towards: Communities / Swarms of AI agents
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Plan for Part 2

● Calling the AI programmatically 

○ How to write code that interacts with AI APIs 
(Python, CLI).

● Agentic research workflows

○ How to define and execute complex research 
workflows using Antigravity.
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Part 2a:
Calling the AI 
programmatically
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Using the Python SDK
● Go to Google AI Studio (https://aistudio.google.com/) and create an API key

https://aistudio.google.com/
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Using the Python SDK
● Go to Google Colab (https://colab.research.google.com/) and write a Python program 

that calls Gemini 

Add 
GEMINI_API_KEY 
here

Query Gemini from 
a Python program

https://colab.research.google.com/
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Using the Python SDK

● Ask gemini.google.com for detailed instructions:

● Useful for batch calls to Gemini:

○ Annotating images
○ Calls to classify documents/text (e.g. sentiment analysis, ...)
○ Interaction between AI and other systems (e.g. solvers, …)

http://gemini.google.com
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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
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Simple example of an Actor-Critic Loop.

For two AI models, there are better ways to do 
this in practice (via Antigravity). But this pattern is 
very useful when the Critic is something more 
structured:

● Optimization solver
○ Linear Program
○ Equilibrium solver (game theory)
○ Logic / Lean / …

● Heuristic scoring function
● Controller
● …

LLM call patterns: Actor-Critic / Self Reflection
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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
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Other LLM call patterns

Problem

Branch 1

Branch 2

Branch 3

Aggregator Solution

…
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Putting those ideas together: AlphaEvolve 
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Using the Gemini CLI (geminicli.com/)

Strengths: Scripting, Unix piping, rapid text processing, access to local files, … 
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A Case Study: Your personal arXiv digest
Let’s build an automated arXiv digest for the research topic you care about: 

Fetch 30 most recent arXiv papers 
in math.AP and store as 
arxiv_daily.txt
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A Case Study: Your personal arXiv digest

Now we can use standard Unix pipes (cat, |, >, …) in combination with Gemini: 

Your Gemini prompt goes here
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A Case Study: Your personal arXiv digest
Now get your coffee…

Source: Wikimedia
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A Case Study: Your personal arXiv digest

Wait! Of course you don’t want to do this every morning:

Similar to the Web interface you 
can also ask Gemini for help…
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A Case Study: Your personal arXiv digest

[...]

[...]

… and off you go…
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Summary

● The Python SDK and the Gemini CLI offer two distinct ways to access 
Gemini programmatically

● The Python SDK offers granular control over complex LLM 
interactions, allows easy integration with other Python libraries, 
mathematical tools, and LP solvers

● The Gemini CLI is great for automation and scripting, it enables rapid 
processing of local files and allows to chain AI tasks together using 
standard command-line pipelines
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Part 2b:
Agentic research 
workflows
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Antigravity (https://antigravity.google/)

● Web app originally designed for coding but can do a lot more

● Think of AI + planning + access to computer tools (browser, terminal)

● Orchestrate many agents working on a task.

● Great for complex and/or long tasks.

● Probably 10-100x more powerful than using Gemini alone.
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Initial 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
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Initial Screen 
User input to 
the model

Files
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Example 1 : Literature survey
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Example 1 : Literature survey
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Example 2: Theorem proving
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Example 2: Theorem proving
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Example 2: Theorem proving
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Example 2: Theorem proving
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Example 3: Ralph Loop

Use gemini.google.com to come up with a 
good interactive solve prompt:

http://gemini.google.com
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Example 3: Ralph Loop
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Example 3: Ralph Loops + Workflows
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As always, give your rough idea to the Gemini web app (gemini.google.com) and ask it to refine the prompt for you:

 Say you get something like this. Let’s paste in Antigravity:

● The Ministry of Health (MINSAL) publishes the exact coordinates of every public health clinic (CESFAM) and hospital 
in Chile. We will pull data from Datos.gob.cl (Search query: Establecimientos de Salud / Health Establishments) and 
get the coordinates of all health clinic in the Santiago area. Filter the dataset to only include clinics in the 
'Metropolitana' region. Extract their latitude and longitude.

● Then create a Streamlit application in Python that solves a Facility Location problem for Chilean public health. Let the 
user select a number of supply hubs ($k$) to build using a slider. Run a K-means clustering algorithm on the 
coordinates to find the optimal placement for these $k$ hubs to minimize the distance to all clinics. Finally, use Folium 
and streamlit-folium to plot a beautiful interactive map. Plot the clinics as small blue dots, and the optimal supply 
hubs as large red markers. Draw lines connecting each clinic to its assigned hub to visualize the supply chain 
network.

Example 4: Working with data

http://gemini.google.com
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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.

Example 5: Generating Open Problems
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Prompt (refined using Gemini):

Example 6: Educational Algorithm Implementation
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Example 6: Educational Algorithm Implementation
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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

● 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.

Conclusion



Thanks!


