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About proof

¢ Mathematical proof has two main goals:
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About proof

¢ Mathematical proof has two main goals:

® Convincing other mathematicians of correctness of a
theorem
® Communicating a mathematical idea or technique

e Our goal: Train (first-year mathematics) students to write
mathematical proofs
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Challenges

® Being precise is hard
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Challenges

® Being precise is hard
¢ Long feedback loop
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What is Waterproof?

® An educational tool for proving mathematical statements
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What is Waterproof?

® An educational tool for proving mathematical statements
e Built on a proof assistant, which helps to:

® Give immediate feedback

® Enforce precision

e Caveat: Learning to use a proof assistant is not a learning
objective
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What is Waterproof?

* A “backend” built on top of the Rocq prover
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What is Waterproof?

* A “backend” built on top of the Rocq prover
® Uses controlled natural language
® Provides tuned automation
® Provides mathematical hints and feedback

¢ Afrontend built on top of Visual Studio Code

® Worksheet style editor
® Also used by teacher to create exercises
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Context

¢ Developed in Eindhoven by Jelle Wemmenhoven, Jim
Portegies and many others [Wem25].
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Context

¢ Developed in Eindhoven by Jelle Wemmenhoven, Jim
Portegies and many others [Wem25].

e Used in teaching Analysis 1 (since 2019, obligatory since
this academic year).

e Some numbers:

® 230 tutorials (ungraded)
® 182 first homework
® 174 last homework
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Demo

)
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Help.

Placeholders
Feedback and errors
Chains of inequalities
Scopes

Forced signposting
Symbols panel

Tactics documentation
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Building on a proof assistant

¢ Solid foundation
e Very customizable
* Very pedantic
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Challenges

* NvsR

* x:RvsxeR
®*a:N—=RVe>0,3neN,Vn>N,|a(n) —a| <e
¢ IXxcRXx>0A...vsIx>0,...
fR\{0} 5 R:=x—1
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Recent improvements
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Recent improvements

¢ Non-mathematical syntax errors are a big challenge.

® Assume that (x > 0) and (y > 0). to
Assume that x > 0 and y > O.

e Ambiguous parsing for
Assume that A and B are disjoint.

® Assume that A is disjoint with B.

* Ambiguous parsing for
Assume that x > 0 (i).

® Assume that x > 0 as (i).
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Conclusion

e |tis possible to hide the foundations of a proof assistant.
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Conclusion

e |tis possible to hide the foundations of a proof assistant.

® Trying to connect theorem provers to paper proofs brings
interesting challenges.
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