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Speaker Background

M Eng in Information Science 2016
2019-2023: Compilation Engineer at Marigold (Tezos)
Self-taught OCaml and Type Theory (Pierce, 2002 TPL)

Colleagues use Coq to prove the compiler correct
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Motivation

® 2022: Novel algorithm for red-black tree deletion
® Needed to prove correctness for publication

® Good opportunity to learn Rocq
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Assumptions

® The community want to attract ‘standard’ developers
® Industry experienced programmers
® Not necessarily familiar with functional programming
® Not necessarily familiar with type theory
® Mathematical proofs ?
® The online resources are intended to be used by such
developers

Culture difference

Developer Researcher Culture
® Job is to build and ship ® Job is to learn and discover
® Goal is to make things work ® Goal is to formalize things

Breadth of knowledge Depth of knowledge

Learn by doing Learn by reading

Have a goldfish attention span ° .
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What Engineers Expect

® Developer regularly learn new technologies
¢ In 2-3 clicks : minimal setup and examples (Hello World)

® Copy-paste code snippets to hack on.

Rust wsma Getting started

|
|
|
i A language empowering everyone app!

d write a small

to build reliable and efficient software.

Installing Rust

Why Rust?

[ Reliabi
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Other examples

[P ——

Create user interfaces

from componants

Write your first Flutter app

» Start codelab.
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What I found for Coq

1 The Coq Proof Assistant

Syatax snd leical conventons
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Rocq is better but...

Introduction and Contents

Explore the Rocq Documentation
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This should be more visible

coaindex.htmi

dops.html

Exercise; 1 star, standard (nandb)

The Admi tted command can be used as a placeholder for an
selt

i.e..your job s to repl real
proofs.

Remove *Adnitted. * and complete the definition of the following.
function; then make sure that the ExanplLe assertions below can
each be verified by Coq. (L. il in each proof, following the model of
the orb tests above, and make sure Coq accepts it) The function
should return true If either or both of its inputs are false.

Hint: if smp 1 will not simpliy the goal in your proof,i's probably
because you defined nandb without using a match expression. Try a
different defintion of nandb, or just skip over smp1 and go directly
to reflexivity. We'l explain this phenomenon later in the chapter.

befinition nandb (by:bool) (5;5bool) ¢ bool
Admitted.

Example test_nandbl: (nando true false) = true
Eranpl
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Case Study: Red-Black Tree Deletion

what 7
Well-know data structure

why 7

Could not find an existing implem or proof
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Seems simple

e Fairly simple structure

¢ Fairly simple algorithm (about 100 lines)
e Fairly simple properties to express

e Fairlty simple theorem
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Already made an informal explanation ! (proof ?7)

(d). Then with a left rotation at the sibling node, we put (a), (b), (c), and (d) at the same height in the tree.
By coloring the sibling black and (d) red, we restore the black property, but we may break the red property.
For this reason, we have to call Okasaki’s balance function on the right sibling restoring the red property at the
sibling subtree and keeping the black property intact.

o J

/ 9\ /°

g d a
c

a
b

Figure 4: Case 1

The second case is when the sibling is black and has at least one red child (fig. 5). Still naming (a) the left
node and (b), (c), (d) the red child’s children and the other sibling’s child, in this order. (a), (b), (c), and (d)
have the same black height. Similarly, a left rotation at the right sibling (or a right rotation if the red child is
at the right) and coloring the red child black fix the black property.

o —
* o
c d

Figure 5: Case 2
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Reality: Big chunky proof

Attempting to prove insertion first and failing
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Read Soft Found 3. and retry

intermediary data structures
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Pain points

® Proof to long ? split in smaller lemmas
® Lose context 7 add invariants

e With one are correct 7
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Pain points

® What to do for polymorphic types ?
® What to do for constraints on polymorphic types ?

® Why does all my proofs start failing after a small change ?
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Catch All tactics
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Easy proof
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What I would like to see

Easy to find examples (Cookbook)

High level libraries

Definition vs Inductive vs Fixpoint vs ...

® Lemmas vs Theorem vs ...

"Easy refactoring tools’
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Questions 7

Thank you !
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