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Lean FRO Mission

Our mission focuses on enhancing Lean in key areas: scalability, usability,
documentation, and proof automation, while also broadening its application in various
fields such as education, research, and industry. Over the next five years, we are
dedicated to advancing Lean's capabilities and expanding its influence, ensuring it becomes
an indispensable tool in these diverse domains. A pivotal aspect of our mission is to steer
Lean towards self-sustainability, laying a strong foundation for its enduring growth and

widespread utilization. lean-fro.org/about/roadmap
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News since last FRO community meeting

Released v4.7.0: blog post

Next release candidate is out v4.8.0-rc1, v4.8.0-rc2 coming soon.
Markus Himmel joined the Lean FRO. Joe Hendrix moved to AWS.
leanprover/std4 — |eanprover-community/batteries

EYN Lean @leanprover - Apr 10 | 9y Lean @leanprover - Apr8
AWS Clean Rooms Differential Privacy uses the SampCert sampler, a This is a great blog post describing one of Lean's applications at AWS.
proven correct sampler implementation developed in Lean by AWS.
docs.aws.amazon.com/clean-rooms/la...

Lean Into Verified Software
Development

AWS ooen Source Blog
Lean Into Verified Software Development | Amazon Web Services



https://github.com/leanprover/lean4/releases/tag/v4.7.0
https://lean-lang.org/blog/2024-4-4-lean-470/
https://github.com/leanprover/lean4/tree/v4.8.0-rc1
https://github.com/leanprover-community/batteries
https://docs.aws.amazon.com/clean-rooms/latest/userguide/differential-privacy.html
https://aws.amazon.com/blogs/opensource/lean-into-verified-software-development/

Lean 4 repo statistics since the last meeting

(March 8 to May 10)

/8 issues closed

67 new issues (48 of them were closed)
358 commits

374 PRs created (331 of them were closed)



https://github.com/leanprover/lean4/issues?q=is%3Aissue+updated%3A%3E%3D2024-03-08+is%3Aclosed
https://github.com/leanprover/lean4/issues?q=is%3Aissue+created%3A%3E%3D2024-03-08
https://github.com/leanprover/lean4/pulls?q=is%3Apr+created%3A%3E%3D2024-03-08

leanprover/std4 — leanprover-community/batteries

New Std is in the core repository, and will be distributed with Lean.

Std is now using the Cathedral development model: managed by the FRO.
Batteries is still using the Bazar development model: managed by the community.
Scope of new Std

O

o O O O

Basic types + theorems about them
Async IO

Networking

Internet protocols

Regular expressions

Goals: coherence, no gaps, no core behavior overrides, similar to the Rust std.


https://github.com/leanprover-community/batteries
https://en.wikipedia.org/wiki/The_Cathedral_and_the_Bazaar

VS Code Extension: New InfoView Features

e ‘Restart File’ button in InfoView to replace ‘Restart File’ notifications
e ‘Go to Definition’ button in InfoView context menu

Lean Infoview X \/ -
v Basic.lean:1:9 =
¥ Expected type € v Y
- Nat

¥ Messages (1)

v Basic.lean:1:0 QA €& &
Nat.succ Nat.zero : [[EH
Cut Ctri+X
» All Messages (2)
Copy Ctrl+C
Paste Ctri+V

Restart File




VS Code Extension: Multi-Toolchain Workspaces

The following now work correctly:

e Using multiple projects with different lean-toolchains at the same time in a
single folder
e Using Lean files from a Lean project without first opening the project in VSC

Caveat: Nested Lean projects are not supported yet!

File Edit Selection View Go Run Terminal Help

@ EXPLORER Basiclean M X Y ?:}, Basic.lean m Lean Infoview
+ LEANAMULTITEST TestProject2 > TestProject Basic lean TestProject1 > TestProjectl Basic.lean ¥ Basic.lean:2:3 = 10
« TestProjecti 1 def hello := "world" 1 def hello := "world" v Messages (1)
Main.iean 2| #evhl Lean.versionString n 2| #eval Lean.versionString IL i »
TestProjectl.lean ¥ Basic.lean:2:0 0 € @
v TestProject2 "4.7.0"

> lake » All Messages (1) 1
v TestProject2
Basic.lean M -
€ .gitignore I
lake-manifest.json
lakefile.lean

I toolchain

ean-
> OUTLINE

Restart File
> TIMELINE

X fPPmasterr ® @OA0CD2 Wo ¢ Not Committed Yet Ln2,Col4 Spaces:2 UTF-8 LF leand (@ Prettier [2




VS Code Extension: Better Setup Diagnostics (Pre-Release)

Problem: Users sometimes have outdated or subtly broken setups that are hard
to debug, especially on Zulip

Solution 1: More warnings and error messages when setup issues are detected

Solution 2: New command to collect information about the user’s setup

Operating system: Linux (release: 6.8.8-300.fc40.x86_64)
CPU architecture: x64

CPU model: 8 x Intel(R) Core(TM) i7-10510U CPU @ 1.80GHz
Available RAM: 16.44 GB

Curlinstalled: true

V UB Git installed: true

Elan: Reasonably up-to-date (version: 3.1.1)
B > Lean: Reasonably up-to-date (version: 4.7.0)
New ProJeCt"‘ Project: Valid Lean project (path: /home/mhuisi/Lean4Test16)

Open Project... >
ﬂ 2 Visual Studio Code v X Elan toolchains:
Lean's version manager Elan is outdated: the installed version is 1.4.0, but a Troubleshooting: Show OU[pUt installed toolchains

version of 3.1.1 is recommended. Do you want to update Elan?

| Troubleshooting: Show Setup Information ] .

over/lean4:v4.7.0
anprover/lean4:v4.8.0-rcl

o o
o

3.5 3 i

=R |

N

Cancel Update Elan

Version Management... >

active toolchain

ion... >
Documentatlon leanprover/lean4:v4.7.0 (overridden by '/home/mhuisi/Lean4Testl16/lean-toolchain')

Lean (version 4.7.0, x86_64-unknown-linux-gnu, commit 6fce8f7d5cdl, Release)



Language Server: Bug Fixes

e Semantic highlighting should not go stale anymore

e (Go-to-definition jumps to correct definition when names clash globally

e No server-side auto-completion after keywords that messes with input

| VN

1
2 example (n : Nat) : n = n := match n w*itr*l
el

& Lean.ParserDescr.node

4

w



live.lean-lang.org: Now with lean nightly (and stable)

e See settings in top-right menu
e Useful when reporting bugs

= C @ O B httpsy/live.lean-lang.org/#project=lean-nightly&code=% ¢ @ & Hl @ © ) @ =
| N % Examples X load =
1 #eval Lean.versionString i

v lean-nightly.lean:1:0 £ B
v Messages (1)
v lean-nightly.lean:1:0 D € &
"4.9.0-nightly-2024-05-08"
» All Messages (1)




live.lean-lang.org: Now with lean nightly (and stable)

e See settings in top-right menu
e Useful when reporting bugs

% Examples & load X
’ v mathlib-demc % Settings
Nninfo found. @ Restart server
Messages
¥ Tools: Version
Project settings & Save file
These settigns are stored in the URL as they change the project's @ Privacy policy
setup
. 5 (2 Lean community
Lean Version ARTEISEVY Ell(]e)
Latest Lean stable release (without mathlib) (2 Lean documentation

Lean Nightly (without mathlib) (7 GitHub




set option diagnostics true

set_option diagnostics true in

theorem Submodule.tolocalizedQuotient' mk (x : M) :
M'.toLocalizedQuotient' S p f (Submodule.Quotient.mk x) = Submodule.Quotient.mk (f x) :=
Rl

unfolded declarations (max: 342322, num: 11): Vv
toAddSubgroup » 342322
localized' » 95382
Set » 67296
set0f » 61486
SetlLike.coe » 13162
Membership.mem » 3884
Set.Mem » 3782
AddSubgroup.op » 3366
Set.preimage » 1836
Set.range » 24
VAdd.orbit » 24
unfolded instances (max: 99144, num: 12): »
unfolded reducible declarations (max: 357510, num: 5): »
heuristic for solving “f a =2= f b’ (max: 42180, num: 11): »
use “set_option diagnostics.threshold <num>" to control threshold for reporting counters



set option diagnostics true

def f (x : Nat)
def g (x : Nat)

X +1
1+ X

by simp_arith [f, gl
by simp_arith [f, gl

1
o
x
n

©[simp] theorem f_eq : f x
©[simp] theorem g_eq : g X

1
_h
x

1

example : f (x + 1) = x + 2 := by
set_option diagnostics true in

simg

used theorems (max: 249. num: 2): V
f_eq @f_eq : ¥V {x : Nat}, f x = g x
g_eq » 249
tried theorems (max: 250, num: 2): »
use “set_option diagnostics.threshold <num>" to control threshold for reporting counters

v simp_issue.lean:19:2 Y €€ M

tactic 'simp' failed, nested error:

maximum recursion depth has been reached

use “set_option maxRecDepth <num>" to increase limit

use “set_option diagnostics true’ to get diagnostic information



set option diagnostics true

set_option maxSynthPendingDepth 1 in
set_option diagnostics true in

#synth HasQuotient (Synonym (Synonym R)) (Submodule R (Synonym (Synonym R)))

vitc_issue.lean:52:0

Q € o

max synth pending failures (maxSynthPendingDepth: 1), use ‘set_option maxSynthPendingDepth <limit>" V¥
AddCommGroup R

use “set_option diagnostics.threshold <num>" to control threshold for reporting counters

vitc_issue.lean:52:0

Q € o

failed to synthesize

HasQuotient (Synonym (Synonym R)) (Submodule R (Synonym (Synonym R)))
use “set_option diagnostics true’ to get diagnostic information



seal and unseal commands

set_option diagnostics true in
seal AddSubgroup.op Set in

theorem Submodule.toLocalizedQuotient' mk (x : M) :

M'.toLocalizedQuotient' S p f (Submodule.Quotient.mk x) = Submodule.Quotient.mk (f x) :=
rfl



trace.profiler.output

A better way to inspect trace.profiler output visually and structurally:

lake env lean -Dtrace.profiler=true -Dtrace.profiler.output=out.json YourFile.lean

Then open out. json on https://profiler.firefox.com/ (diffs supported as well).

See also trace.profiler.useHeartbeats!

- Running Time (ms) Self (ms)
v hihedoile o S04
- LT T O O T T e N LT R R T T W TN T T W W TR WA [ R S TIT 1000/\'} 9135 725 364 887 - v e e o
Call Tree Flame Graph Stack Chart Marker Chart  Marker Table o] Meta.isDefEq assign 16% 1,442,918 837,131 » M Elab.step: Lean.Parser.Tactic.simp
© Aillframes () JavaScript () Native & invert call stack Filter stacks: | Q. Enter filter terms | 12% 1,120,867 2,156 I | Elab.step: CategoryTheory.aesop_cat
ol may /. Ooiopse opsion: et DY Call node details 10% 926,997 1,937 P M Elab.step: Lean.Parser.Tactic.tacticHave_
Running Time:(ms) | ‘Self (ms) WD el S Sl 7.9% 718,838 1,234 » W Elab.step: Lean.Parser.Tactic.rwSeq
Selftime  56% 15,659ms . i .
= ) 5.1% 466,625 145,548 p M Elab.step: Mathlib. Tactic.convert
= » B Elab.step: Lean.Parser. Taclic.iewriteSeq A 4.4% 402,536 19,506 » M Elab.step: Lean.Parser.Tactic.exact
= » H Elab.step: Mathlib. Tactic.convert Meta 100% 15,659ms
- » £ Meta.appBuilder 4.0% 363,850 282 p B Elab.step: Lean.Parser.Tactic.«tactic_<;>_»
= :l ;Ialxslep' Lean. Parser.Term.app Implementation Running millis 3.9% 352,834 188,003 > [ Elab.step: LeanParser.Tactic.simpa
— eta.synthinstance tryResolve Native code 100% 15,659ms ; : ;
= » W Elabstep: ident — 3.2% 288,675 1471 » M Elab.step: Std.Tactic.tacticClassical_
L » Y -
- B T e S 3.2% 288,487 15,489 » M Elab.step: calcTactic
= » M Elab.step: Lean.Parser. Tactic.dsimp 2.3% 209,942 52,050 » M Elab.step: Mathlib.Tactic.tacticSimp_rw.
— » B Elab.step: Lean.Parser. Tactic.congr . ST T
2426 » [ Meta.isDefEq 2.0% 187,235 197 P W Elab.step: Lean.Parser.Tactic.tacticSuffices_
1,856, P Mot syntimstzco e 1.7% 156,235 1,245 P M Elab.step: Lean.Parser.Tactic.tacticErw__
1,628 » M Elab.step: Lean.Paler. Tactic.rewriteSeq
1121 P [ Meta.synthinstance 1.6% 141915 6,611 3 | Elab.step: Lean.Parser.Tactic.refine'
802 » M Elab.step: Lean.Parser.Term.app = x 2
e e 1.2% 107,378 69,996 p M Elab.step: Lean.Parser.Tactic.dsimp


https://profiler.firefox.com/

Shorter instances names
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IsSelfAdjoint.instContinuousFunctionalCalculusReallsSelfAdjointToStarTolnvolutive StarToAddMonoid ToAddMonoidWithOne ToAdd GroupWithOne ToRing ToStarAddMonoid ToNonUnitalNonAssocSemiringToNonUnitalNonAssocRing ToNonAssocRing
InstCommSemiringReallnstStarRingRealToNonUnitalNonAssocSemiringToNonUnitalNonAssocCommSemiringToNonUnitalNonAssocCommRingToNonUnital CommRingCommRingMetricSpace ToTopologicalSemiring ToTopologicalSpace ToUniform

SpaceToPseudoMetricSpaceToNonUnitalNonAssocRingToNonUnitalNonAssocCommRingToNonUnital CommRing ToNonUnitalSeminormedCommRingToSeminormedCommRingNormedCommRingInstTopologicalRingReal ToTopologicalSpace ToUni
formSpacePseudoMetricSpace ToNonUnitalNonAssocRingToNonUnitalNonAssocCommRingToNonUnital CommRingCommRingInstContinuousStarReal ToTopologicalSpace ToUniformSpacePseudoMetricSpace ToStarTolnvolutiveStarinstAddMonoid
RealToStarAddMonoid ToNonUnitalNonAssocSemiringToNonUnitalNonAsonAssocSemiringToSemiringToTopologicalSemiringToNonUnitalNonAssocRingToNonUnitalNonAssocCommRing ToNonUnitalCommRing ToNonUnitalSeminormedCommRing
ToTopologicalRingToDivisionRingToNormedDivisionRingTo_topologicalDivisionRingTo_continuousConstSMulToSMulldUniformContinuousConstSMullnstRingComplexTo_uniformAddGroupToSeminormedAddCommGroupToNonUnitalSeminormed

RingToContinuousMulToNonUnitalNonAssocSemiringToNonUnitalNonAssocCommSemiringToAddCommMonoid ToNonUnitalNonAssocSemiringToNonUnitalNonAssocCommSemiringToNonUnitalNonAssocCommRingToNonUnital CommRingToNon
UnitalSeminormedCommRingToSeminormedCommRingToModuleToSeminormedAddCommGroupToNonUnitalSeminormedRingToNormedSpace' ToNormedRingToTopologicalSpace ToUniformSpace ToPseudoMetricSpace ToSeminormedRingChara

cterSpace

1000 1500



LeanSAT + verified bit-blaster

example {x y : BitVec 2048} (h : x = y) : (~~~x) &&& y = (~~~y) &&& X := by
bv_decide

set_option trace.bv true in
theorem unit_6 {x y : BitVec 256} : x + y =y + X := by
By degide



Verso: Incremental Elaboration

s its oun scope. To implement this, Lean provides a global supply of macro scopes for each module, and one of them is distinguished as
s of expansion, the current scope is replaced by a fresh one from the supply.

s contains {leanTerm Glued}'getCurrMacroScope', which accesses the current macro scope, and {leanTerm Glued}'withFreshMacroScope",
the current scope set to a unique, fresh scope. These tools can be combined to create a Lean command that defines a top-level constant

ol 1 Yellow bar shows progress,
nTerm Glued}'name.specialEmbeddedScope® to be the desired scope along with the module's name: just aS in Ord i nary Lean

alEmbeddedScope}

ion that adds this scope to a name:

beddedScope}

added by quotations, there's no particularly easy way to add the scope to an identifier (that is, a piece of syntax that represents a
tatype of syntax is essentially an encoding of arbitrary trees, which allows the same type to be used for the results of parsers even
trary new productions. The wrapper {leanTerm Glued}'TSyntax" tracks the syntactic category of a piece of syntax at the type level,
usion of syntax and also enables the use of the coercion machinery to automate the translation from one category to another. {leanTerm
er on the macro system, but it's described in detail in section 4.4 of [Sebastian Ullrich's thesis](https://lean-lang.org/papers/
parsed name inside identifier syntax is enriched with the embedded language's designated scope:

beddedScopeldent}

t uses this designated scope is identical to the previous iteration, except it calls {leanTerm Glued}‘addEmbeddedScopeldent.name‘ at

o gt Demonstration that non-Lean
nger leak through variable capture. The embedded language term correctly fails to refer to the surrounding Lean binding of ‘n‘: DS LS Ca n alSO Su pport
2 incrementality



Lean Incremental Elaboration: Call for Testing

346 theorem Stmt.simplify_correct (h : (o, s) U o') : (o, s.simplify) U o

Significantly reduces reprocessing and

348 | skip => exact Bigstep.skip

:= by

. . . . | seq hy hp ihy ihz => exact Bigstep.seq ihy ih;
reporting delay inside tactic-mode theorems | = |5 = v St S 10
352| ;leep 200 .
. . . . 353 simp_all
Target: 4.9.0, help finding issues to make it 50 [ b el simplify] ot heg
355 split

356 next h => rw [h] at heq; simp at heq

a reallty! 357 next hnp => simp [hnp] at ih; apply Bigstep.whileTrue heq ihy ih;

358 | whileFalse heq =>
359 sleep 208

. . 360 | simp_all

See #lean4 > Incrementality Call for Testing

362 next => exact Bigstep.skip
363 next => apply Bigstep.whileFalse; simp [heq]
364 | ifFalse heq h ih =>
365 sleep 208
366 simp_all
367 rw [« Expr.eval_simplify] at heq
368 split <;> simp_all
369 rw [« Expr.eval_simplify] at heq S
378 apply Bigstep.iffFalse heq ih I
3N | ifTrue heq h ih =>
372 sleep 2068
373 | simp_all
374 rw [« Expr.eval_simplify] at heq
375 split <;> simp_all
376 rw [« Expr.eval_simplify] at heq
377 apply Bigstep.ifTrue heq ih

378


https://leanprover.zulipchat.com/#narrow/stream/270676-lean4/topic/Incrementality.20Call.20for.20Testing

lakefile.toml

e Lake now supports TOML as an
alternate format for configuration files.

e Some packages within the Mathlib
dependency chain have already moved
to TOML (e.g., Aesop, ImportGraph).

e New Lake features to enabling moving
Mathlib and all of its dependencies to
TOML are in the works.

e Automatic migration is available via
lake translate-config toml.
It drops unsupported features but
keeps the original configuration file.

name = "aesop’
defaultTargets - ["Aesop’]
precompileModules - false

[[requirel]

name = "batteries’

git -
"https.//github.com/leanprover-community/batteries’
rev = 'main’

[[lean_Libl]
name = "Aesop”

[[lean_Llibl]

name = "Aesoplest”

globs - ["AesopTest.+']

leanOptions - {linterunusedVariables - falsel



https://github.com/leanprover-community/aesop/blob/master/lakefile.toml
https://github.com/leanprover-community/import-graph/blob/main/lakefile.toml

Lake Build Refactor

e Lake also had a substantial change to the way builds are managed.

e \When running from a terminal, build progress is now displayed on a single
line that updates in-place (using ANSI escape codes).

o Colored output will be coming soon!

e Logs from jobs are now reliable grouped below their header
(e.g., [N/M] Building Foo)

e Anew --wfail option causes a Lake build to fail if a job logs warnings.

e We received a lot of feedback about this update and a number of fixes and
improvements are expected to be part of v4.8.0-rc?2.



Q2 2024 OKRs

Package (K1) Reservoir, and Lake support
(0o1) |management (K2) Cloud cache
(K3) Lake critical fixes and TOML
Documentation (K1) Verso final touches
(02) (K2) Reference manual

(K3) Port existing documentation to Verso

Language frontend (K1) Elaboration critical fixes

(K2) Incremental tactics

(03)
(K3) Elaboration parallelism
(K4) Module system design
Language backend (K1) SMT-like automation: congruence closure, e-matching, case analysis
(04) (K2) BitVector solver
(K3) Mutual structural recursion; elimination principles + equation theorem consolidation
(05) User interface (K1) Visual Code Plugin: usability, critical fixes, user-friendly installation

(K2) LSP Server: critical missing features




Q2 2024 OKRs (cont’d)

Standard library (K1) Roadmap
(06) (K2) Hashmap, Red Black Trees, Array and List theorems
(K3) Web server fundamentals
(K1) VS Code integration
o7 |Al/ ML

(K2) LLMs fine-tuned for Lean

(K3) REPL improvements (including Python package)




Q&A



