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Waterproof

• Educational Software

• Developed in Eindhoven

• Used in Analysis 1
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Who am I?

• Applied Mathematics and Computer Science in Eindhoven

• Software Engineering Project for Waterproof

• Bachelor End Project with Jim Portegies

• I have been working on Waterproof for almost 3 years

• Master Mathematical Foundations of Computer Science in Nijmegen

• Student assistant position and core member of the Waterproof team
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Learn More

Good entry points to learn more about Waterproof include:

• Nieuw Archief voor Wiksunde article from December 2025

• Website at impermeable.github.io

• PhD thesis of Jelle Wemmenhove
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Problem

Students struggle with learning to write mathematical proofs.

Homework Teacher
Feedback
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Problem

Some parts of a proof are very mechanic:

∀ε ∈ R, ∃δ ∈ R, . . .

Proof.
Take ε ∈ R.

Choose δ = . . .
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Problem

Some parts of a proof are very mechanic:

∀ε ∈ R, ∃δ ∈ R, . . .

Proof.
Take ε ∈ R.

Choose δ = . . .

Ideally: Student forgets to introduce the ε? Provide immediate and clear feedback!

6



Solution?

Compilers give immediate feedback on the correctness of code
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Solution?

Compilers give immediate feedback on the correctness of code

Students pick this up relatively quikcly
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Rocq Proof Assistant

• Mechanically verifies correctness of proof steps

• Provide immediate feedback

• Uses specialized notation

• Skills do not transfer to handwritten style proofs
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Rocq Proof Assistant

• Mechanically verifies correctness of proof steps :)

• Provide immediate feedback :)

• Uses specialized notation :(

• Skills do not transfer to handwritten style proofs :(
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Goal

Goal: Use Rocq to teach mathematics students to write proofs by hand
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Challenges

Rocq

Goal forall x : nat, x + 1 = 1 + x.

Proof.

intro x.

apply Nat.add_comm.

Qed.

Waterproof

Goal ∀ x ∈ ℕ, x + 1 = 1 + x.

Proof.

Take x ∈ ℕ.

We conclude that x + 1 = 1 + x.

Qed.
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Challenges

Goal forall n : nat, n > 2

-> (0 * n = 0 //\ n + 1 > n).

Proof.

intro n.

intro H.

split.

- apply Nat.mul_0_l.

- rewrite Nat.add_1_r.

constructor.

Qed.
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Challenges

Goal forall n : nat, n > 2

-> (0 * n = 0 //\ n + 1 > n).

Proof.

intro n.

intro H.

split.

- apply Nat.mul_0_l.

- rewrite Nat.add_1_r.

constructor.

Qed.

n : nat

H : n > 2

==========

0 * n = 0
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Challenges

Goal forall n : nat, n > 2

-> (0 * n = 0 //\ n + 1 > n).

Proof.

intro n.

intro H.

split.

- apply Nat.mul_0_l.

- rewrite Nat.add_1_r.

constructor.

Qed.

Goal ∀ n ∈ ℕ, n > 2

-> (0 * n = 0 ∧ n + 1 > n).

Proof.

Take n ∈ ℕ.

Assume that n > 2.

We show both statements.

- We conclude that 0 * n = 0.

- We need to show that n + 1 > n.

We conclude that n + 1 > n.

Qed.
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Challenges

Goal ∀ x ∈ ℝ, ∀ y ∈ ℝ,

max(x, y) = x ∨ max(x, y) = y.

Proof.

Take x ∈ (ℝ).

Take y ∈ (ℝ).

Either x < y or x ≥ y.

- Case x < y.

It suffices to show that max(x, y) = y.

We conclude that max(x, y) = y.

- Case x ≥ y.

It suffices to show that max(x, y) = x.

We conclude that max(x, y) = x.

Qed.

14



Demonstration

Try Waterproof online:

https://DikieDick.github.io/waterproof-browser
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River

• Students quickly turn to ChatGPT or CoPilot with questions

• Socratic AI tutor designed specifically for use with Waterproof

• Can be installed and activated separately
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River: Conversation

17



River: Conversation

18



River: Conversation
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River: Transcript 1

It suffices to show that (4 is an upper bound for [0,4))

∧ (∀ ε > 0, ∃ a ∈ [0, 4), 4 - ε < a).

We show both statements.

* We need to show that 4 is an upper bound for [0, 4).

We need to show that ∀ a ∈ [0, 4), a ≤ 4.

Take a ∈ [0, 4).

We conclude that a ≤ 4.

* We need to show that ∀ ε > 0, ∃ a ∈ [0, 4), 4 - ε < a.

Take ε > 0.

Choose a ::= 4 - ε / 2.

(* cursor *)
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River: Transcript 2

Student

Could you help me with this proof?

River

You’ve made a choice for a, which is a crucial step!

In Waterproof, immediately after using Choose, you need to verify that your chosen element is actually in the set you are

quantifying over (in this case [0, 4)). The syntax for this is usually a block starting with Indeed.

However, before you write that down, take a moment to double-check your choice. Is 4 − ε/2 always inside the interval

[0, 4) for any ε > 0? For instance, what happens if ε = 10?
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River: Transcript 3

Student

I don’t know what value will work

River

That is a very common point to get stuck! Finding a single formula that works for every ε > 0 can be tricky.

Let’s break it down:

1. Small ε: If ε is small (e.g., 0.1), your previous idea 4 − ε/2 works perfectly. It’s close to 4 but still less than 4.
2. Large ε: If ε is large (e.g., 10), then 4 − ε is negative. In that case any number in [0, 4) is greater than 4 − ε. We

just need to make sure our choice doesn’t fall below 0.

So, we want to subtract something from 4, but we want to limit how much we subtract so we don’t go below 0.

Could you use the min function to put a “cap” on ε? For instance, what if you chose a := 4 − min(ε, 4)/2? Would that

ensure a is always in [0, 4)?
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River: Transcript 3

Student

Please help I can’t find a value that will work!

River

It looks like you are still trying to make Choose a ::= 4 -

ε / 2 work. As we discussed, this choice is problematic if ε

is large (like ε = 10), because then a becomes negative and

falls outside the interval [0, 4).
You need a vaue that is:

1. Inside [0, 4): So 0 ≤ a < 4.
2. Close enough to 4: Specifically, a > 4 − ε.

Since you are stuck finding a single formula, here is a specific

suggestion that often works in these analysis proofs when ε

can be “too big”:

Try choosing:

Choose a ::= 4 - min(ε, 1) / 2.

Why might this work?

• If ε is huge, min(ε, 1) just becomes 1. Then
a = 3.5 which is safely inside [0, 4).

• If ε is tiny, min(ε, 1) is just ε. Then a = 4 − ε/2,
which is very close to 4.

Try replacing your current Choose line with that one. Then,

you will need to verify that this a is indeed in [0, 4). Can you

try that?
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