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Formal mathematics

Software and hardware verification

(Verified) software development

Al research for mathematics and code synthesis

New math and computer science education methodologies
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What's in the Lean distribution?

e The language (parser, elaborator, kernel, compiler, runtime, ...)

e The language server

e Tactics (basic like exact or rewrite, advanced like grind or
bv_decide)

e The metaprogramming framework

e The standard library
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It's what makes Lean into a general-purpose programming language.
It's what makes Lean into a verification platform.

It is a public API.
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What is/will be in the standard library?

1. Core types and operations
. Language constructs

3. Libraries
a. Random numbers
b. Dates and times

4. Operating system abstractions
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What is/will be in the standard library?

Core types and operations
Language constructs
Libraries

Operating system abstractions
Concurrency and parallelism primitives
Asynchronous 1/O

FFI helpers

Environment, file system, processes
Locales
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Who Is the standard library for?

All Lean users!

® Programmers
o Programmers writing verified software
© Metaprogrammers
o Lean developers
o Library authors

e Mathlib users
e Software and hardware verification users
e [ndividuals evaluating Lean for use
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Goals of the standard library

Useful for real applications

High-quality and polished: comprehensive, consistent, systematic, optimized,
verified, testable, tested, documented, interconnected, stable, comprehensible,
visible, benchmarked, ...

Excellent out-of-the-box experience for software development and software
verification



Setting a high bar



Setting a high bar



Setting a high bar

End goal: make formal verification economical and commonplace



Setting a high bar

End goal: make formal verification economical and commonplace

Challenge: things don’t just need to be possible, but easy and productive



Setting a high bar

End goal: make formal verification economical and commonplace
Challenge: things don’t just need to be possible, but easy and productive

Need:



Setting a high bar

End goal: make formal verification economical and commonplace
Challenge: things don’t just need to be possible, but easy and productive
Need:

e No missing material



Setting a high bar

End goal: make formal verification economical and commonplace
Challenge: things don’t just need to be possible, but easy and productive
Need:

e No missing material
e No inconsistencies or other papercuts



Setting a high bar

End goal: make formal verification economical and commonplace
Challenge: things don’t just need to be possible, but easy and productive
Need:

e No missing material
e No inconsistencies or other papercuts
e No discoverability issues



Setting a high bar

End goal: make formal verification economical and commonplace
Challenge: things don’t just need to be possible, but easy and productive
Need:

e No missing material
e No inconsistencies or other papercuts
e No discoverability issues

Need a principled approach to quality!
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Tooling and processes lead to fewer mistakes: Cl, linters, code review.

There are gaps!
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Beliefs and assumptions

Quality assurance will always have a manual component

Not all rules can be fully formalized, and many rules will have exceptions
Global consistency of the library is desirable

To understand where we are, we need to be able to visualize and track the
state of the library
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std.DHashMap.getkey? erase.{u, v} {a : Type u} {B : a — Type v} {xt : BEq o} {xt! : Hashable a} {m : Std.DHashMap o B}
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The result: Grove

Tool for tracking changes to the entire library

Basic question: what do we know? (and when do we no longer know it?)
Declaratively and imperatively describe the library and how it should look
Full power of Lean metaprogramming for extracting state

Web Ul for analyzing the library

Detects changes in PRs
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def associativeContainers ; List Lean.Name :=
[ 'Std.DHashMap, "Std.DHashMap.Raw, "Std.ExtDHashMap, 'Std.DTreeMap,
"Std.DTreeMap.Raw, 'Std.ExtDTreeMap, "Std.HashMap, 'Std.HashMap.Raw,
"Std.ExtHashMap, "Std.TreeMap, 'Std.TreeMap.Raw, "Std.ExtTreeMap,
*Std.HashSet, “Std.HashSet.Raw, “Std.ExtHashSet, 'Std.TreeSet,
"Std.TreeSet.Raw, Std.ExtTreeSet]

def associativeQueryOperations : AssociationTable .subexpression associativeContainers where

id := "associative-query-operations”
title := "Associative query operations"
description := "Operations that take as input an associative container and return a 'single' pi

dataSources n :=
(DataSource.definitionsInNamespace n)
|>.map Subexpression.declaration
|>.or (DataSource.getElem n)



Grove iImpressions
| -\ Grove alpha ﬂ

The Lean standard library 0|3

Welcome to the interactive Lean standard library outline!

' Core types and operations 0|3

> Basic types

V' Containers 0|3

> Sequential containers
V' Associative containers 0|3

> Association table: Associative query operations

> Association table: Associative creation operations

> Association table: Associative modification operations /&
> Table: Associative create then query #

> Assertion: All operations on associative containers covered &
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Ev/\ Grove alpha The Lean standard library / Core types and operations / Containers / Associative containers / Associative query operations

Title
isEmpty
size
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all

getD
getElem

isSingleton

empty

ofList

Std.DHashMap Std.DHashMap.Raw
Std.DHashMap.isEmpty ~ Std.DHashMap.Raw.isEmpty

Std.DHashMap.size Std.DHashMap.Raw.size

Std.DHashMap.getD Std.DHashMap.Raw.getD

Std.DHashMap.get Std.DHashMap.Raw.Const.get
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Std.DTreeMap
Std.DTreeMap.isEmpty
Std.DTreeMap.size
Std.DTreeMap.any
Std.DTreeMap.all
Std.DTreeMap.getD

Std.DTreeMap.get

Std.DTreeMap.Raw Std.ExtDTreeMap

Std.DTreeMap.Raw.isEmpty  Std.ExtDTreeMap.isEmpty

Std.DTreeMap.Raw.size Std.ExtDTreeMap.size
Std.DTreeMap.Raw.any Std.ExtDTreeMap.any
Std.DTreeMap.Raw.all Std.ExtDTreeMap.all

Std.DTreeMap.Raw.getD Std.ExtDTreeMap.getD
Std.DTreeMap.Raw.get Std.ExtDTreeMap.get

Std.ExtDTreeMap.isSingleton

Std.HashMap
Std.HashMap.isEmpty

Std.HashMap.size

Std.HashMap.getD

Std.HashMap[-]

Std.HashMap.Raw
Std.HashMap.Raw.isEmpty

Std.HashMap.Raw.size

Std.HashMap.Raw.getD

Std.HashMap.Raw([:]
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@ github-actions bot  commented on Jul 14 Contributor | =+-

Grove for revision ffdocce .

Grove invalidations

¢ associative-all-operations-covered / all-covered

e associative-query-operations / fo84f852-af71-45b6-8ab3-d251a8144f72

®
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github-actions bot commented on Jul 14 Contributor = ==»
Grove for revision ffdocce .

Grove invalidations Edit fact

¢ associative-all-operations-covered / all-covered
Column Std.ExtDHashMap:

e associative-query-operations / fe84f852-af71-45b6-8ab
Statement used to be

@ | Std.ExtDHashMap.size.{u, v} {a : Type u} {B : a - Type v} {xt : BEq a} {xt* : Hashable a}
[EquivBEq a] [LawfulHashable a] (m : Std.ExtDHashMap a B) : Nat

but now is

Std.ExtDHashMap.size.{u, v} {a : Type u} {B : a - Type v} [BEq a] [Hashable a] [EquivBEq a]
[LawfulHashable a] (m : Std.ExtDHashMap a B) : Nat

Status

v done v

Comment

Cancel
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def «5ceaa26a-d2chb-4df3-9ac8-b5c11db2ae9d
widgetId

:01f88623-fa5f-4380-9772-b30f2fec5c94:
"associative-create-then-query”

Std.DHashMap: : Std.DHashMap.Raw: : Std. ExtDHashMap: :Std.DTreeMap: :Std.DTreeMap.Raw: : Std. ExtD
factld := "Sceaa26a-d2cb-4df3-9ac8-bsc11db2aedd: : :0188623-fa5f-4380-9772-b30f2fec5c94: : :Std.DHashMap: : Std.DHashMap . Raw: : Std. ExtDHashMap: :Std.DTreeMap: :Std.DTreeMap. Raw: :¢
rowAssociationId := "Sceaa26a-d2cb-4df3-9ac8-bSc11db2aegd”

columnAssociationId := "01f88623-fa5f-4380-9772-b30f2fec5c94"

selectedLayers

#["Std.DHashMap", "Std.DHashMap.Raw", "Std.ExtDHashMap", "Std.DTreeMap", "Std.DTreeMap.Raw", "Std.ExtDTreeMap", ]
layerStates := #[
{

layerIdentifier
rowState :=

"Std.DHashMap"

some ("app (EmptyCollection.emptyCollection) (Std.DHashMap*)", Grove.Framework.Subexpression.State.predicate
{ key := "app (EmptyCollection.emptyCollection) (Std.DHashMap*)", displayShort

columnState :=

o

some ("Std.DHashMap.isEmpty", Grove.Framework.Subexpression.State.declaration
(Grove. Framework.Declaration. def

{ name := 'Std.DHashMap.isEmpty,
renderedStatement :
isDeprecated :

"Std.DHashMap.isEmpty.{u, v} {a : Type u} {B : a
false }))

. Type v} {xt : BEq a} {xt' : Hashable a}\n (m

: Std.DHashMap a B) :
selectedCellStates

#L

Bool",
("Std.DHashMap.isEmpty_empty", Grove.Framework.Declaration.thm
{ name := 'Std.DHashMap.isEmpty_empty,
renderedStatement Std.DHashMap. isEmpty_empty.{u, v} {a : Type u} {B : a - Type v} {xt : BEq a} {xt' : Hashable a} :\n @ .isEmpty = true",
isSimp := true,
isDeprecated := false })
1
i
{

layerIdentifier
rowState :=

"Std.DHashMap . Raw"

some ("app (EmptyCollection.emptyCollection) (Std.DHashMap.Raw*)", Grove.Framework.Subexpression.State.predicate
{ key := "app (EmptyCollection.emptyCollection) (Std.DHashMap.Raw*)", displayShort

=" )
columnState :=

some ("Std.DHashMap.Raw.isEmpty", Grove.Framework.Subexpression.State.declaration
(Grove. Framework.Declaration. def

{ name := 'Std.DHashMap.Raw.isEmpty,

renderedStatement := "Std.DHashMap.Raw.isEmpty.{u, v} {a :
isDeprecated := false }))

Type u} {B : a - Type v} (m : Std.DHashMap.Raw a ) : Bool",
selectedCellStates

#[

{ name

("Std.DHashMap.Raw. isEmpty_emptyc”, Grove.Framework.Declaration.thm
:= “Std.DHashMap.Raw. isEmpty_emptyc,
renderedStatement :

“Std.DHashMap.Raw. isEmpty_emptyc.{u_1, u_2} {a : Type u_1} {B : a - Type u_2} [BEq a] [Hashable a] :\n @ .isEmpty = true",
isSimp := false,
isDeprecated := true })
1
i
layerIdentifier := "Std.ExtDHashMap"
rowstate :

some ("app (EmptvCollection.emptvCollection) (Std.ExtDHashMan*)". Grove.Framework.Subexpression.State.predicate



Grove architecture

edit in VS Code

Grove web

opp

L Netlify

|e.anprove.r/(ean‘l CI

edit in vs code

(
|eanprover/ leany

(JDCS/Std/grove

/

stdlib structure
& widget

definitions

JANVA

\

7

J

:l facts '
_
r

src

S.to“il: code

Statie Grove collect info, compute
(Frontend bundle J—[ Grove data ]‘E newh{ invalidated
facts

ﬁ:::::{::i;:’ lean toolchain
loke build

f upstream nvalidated

npm build e

\_
.github/workﬂows
\

J\

~

/ |

grove_ TE_PO

grove-a\ction repo

leand GitHub actions
artifact storage

Grove frontend

code Grove backend code

( grove ci scr‘lp‘tsj




