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Proving is inherently interactive
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group < times
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group_left_unit: ‘one * x ="
group_left_inverse: "invy % * x = ong";

taxt {*

The group axioms only state the properties of left unit and inverse,

the right versions are derivable as follows. The calculational proof
style below closely follows typical presentations given in any basic

;ourse on algebra.
»

t‘n-):l;nrl group_right_inverse: "x * inv % = (one::‘a::group)”;
proof —;
have "% * iny ¥ = one * (x * inv %)";
by (simp only. group_left_unit):
alsos have "... = (one * x) * iny x"
by (sim only: group_assoc);ll
als = jhy (Gny %) * inv % * % * iny x";
by (s1mp only group_left_ 1nverse).
03 .. = iny Ciny x) * (iny 8 * %) * iny X"
by (simp on]y Qroup_assoc);
ha = inw finu ) * nna 5 inv v

!

——%%~XEmacs Group. thy “group_right_inverse”’ {Isabelle/Isar script Font Scripting }— |

Proof(state): step 6, depth 0

this: ) )
one * (x * inv x) = one * ¥ * inv X

goal (theorem group_right_inverse):

X * iny x = one
1. ¥ * inv %X = one

—*t-¥Fmacs: *isabelle—goals* (Isabelle/Isar proofstate Font)——aAll

|
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Some solutions to making graphical interactive

theorem provers.

But | want to these in the infoview!
Filtering goals
- “no goals” — “goals accomplished”
- Type information
- Trythis, .........

N -
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‘Lightbulbs’
Completions

- Type

information

- pe info
- Try this
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The Lean Infoview is a web browser!

blog-post js « gatsdy-graphal-app - Visual Studi Code - lasiders

Code editing. p e 8 - s
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GitLens — Git sup...
Supercharge the Git
Eric Amadio

C/Cos
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Debian, Ubuntu... Red Hat, Fedora... :

Dirk Baeumer

Debugger for Chr..
Language Supp..

Red Hat
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And Lean is full-fledged programming language!




A new solution: turn Lean in to a full-blown Ul
framework.

meta def goals accomplished message {a} : html o :=

h "div" [cn "f£5"] ["goals accomplished \Kf«"]

‘ Lean widgets

¥ Tactic state widget v

goals accomplished & filter: | no filter v




Main use: tactic states in the new Infoview

3 File Edit Selection View Go Run Terminal Help Lean Infoview - mathlib - Visual Studio Code — O X
sieves.lean Lean Infoview MO x

LENId MEN_LIIT 195 : SEL \SLEVE AJ7 W12 \T s T — A) ] =

Inf Ss f «» ¥ (S : sieve X) (H: S €Ss), S f := V sieves.lean:172:0 < & 110
iff.rfl ¥ Tactic state widget v
@lsinp] expected type:
lemma mem_Sup {Ss : set (sieve X)} {Y} (f : Y — X) : C.: Type u

Sup Ss f > 3 (S : sieve X) (H: S €Ss), S f = ABSE1 ;. category
iff.rfl R:C

R : sieve X

@[simp] Ll S : sieve X
lemma mem_inter {R' S : sieve X} {Y} (f : ¥ — X) : Yt
| RnS) fe RFASF = fry—X
iff.rfl FTMRNS) fe MFEANSF
@[simp]
lemma mem_union {R S : sieve X} (Y} (f : Y — X) :

(RuS)feRfvST:= coe_fn  sieve X  sieve.has_coe_to_fun
iff.rfl ,

sieve X

@[simp]

lemma mem_top (f : Y — X) ¢ (1 : sieve X) f := trivial has_inf.inf  sieve X

semilattice_inf.to_has_inf (sieve X)

/— Generate the smallest sieve containing the given set of arrows. -/



Add a ‘go to definition’ button in widgets.

/_
Render a 'go to definition' button for a given expression.
If there is no definition available, then returns an empty list.

-/
meta def goto_def_button {y} : expr — tactic (list (html (action y)))
| e := (do
(expr.const n _) « pure $ expr.get_app_fn e,
env — tactic.get_env,
let file := environment.decl_olean env n,
pos « environment.decl_pos env n,
pure $ [h "button" [
cn "pointer ba br3 mr1",
on_click (A _, action.effect $ widget.effect.reveal_position file pos),
attr.val "title" "go to definition"] ["S"]]
) <|> pure []

https://github.com/leanprover-community/mathlib/pull/3982



Community widgets

Sudoku Solver by Markus Himmel; Rubik’s Cube by Kendall Frey

ccl3.lean X

nave oo
have c44 :
have c17 :
have c00 :
have p12 :
have c8@ :
clear p4,
have p13 :
have p14 :
have c47 :
have c78 :
have ¢52 :
clear po,
have c50 :
have c12 :
clear p3,
have p27 :
have p28 :
have p29 :
have c38 :
have c06 :
have c43 :
have c22 :
clear pl2,
have c10 :
have c02 :
have c30 :
have c08 :
have c28 :
clear p13,
have c18 :
have c42 :
have 31 :
have c82 :
have c46 :
have c45 :
have 36 :
have 37 :
have c56 :
have ¢33 :
have ¢53 :
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4 i= uy naneu_sinyic,
4 := by naked_single,
3 by box_logic,

3 := by box_logic,
2
8

= by box_logic,
:= by pencil with p4 pil2,

2 8 4 := by box_logic,

7 6 4 := by box_logic with p13,
6 := by box_logic,
6
6

:= by box_logic,
:= by pencil with pe,

by naked_single,
by pencil with p3,

:= by naked_single,

by naked_single,

:= by naked_single,

naked_single with p27 p28 p29,|
box_logic,

box_logic,

pencil with p12,
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box_logic,
by box_logic,
pencil with p27,
row_logic,
pencil with p13,

row_logic,
naked_single,
pencil with p28,
col_logic,
row_logic,
row_logic,
box_logic,

by pencil with p29,
box_logic,
row_logic,

row logic,
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1 goal
s : sudoku

col : s.f (0, 1) =7
c04 : s.f (0, 4) =5
c07 : s.f (0, 7) =1
A e £ 01 M =0

filter: no filter




Community widgets

Mathematica Bridge by Robert Y. Lewis and Minchao Wu

open real LR ¥ Tactic state widget ¥
noncomputable def f : R - R := A x, sin X + cos X Mathematica output

begin _mm block (unfolding f)

| Em e
.

as image
"Plot3D[x*2-y, {x,-3,3}, {y.-3,3}1";

as image
"Plot["(A y, (sin y)"2 - y)"[x], {x,-10,10}]";

ps image
*Plot[*T"[yl. {y.-2,2}]";

end mm block
- > All Messages (2) I



Demo!



Looking to the future

- Concurrency

- Better support for ‘dropping
in” widgets.

- How to support 3rd party
Javascript libraries (D3,
MathJax, ... )?

- Fancy Lean 4 parsing for
inline HTML




Thanks!

Gabriel Ebner, Bryan Gen-ge Chen for helping with PRs and
collaborating with the VScode extension.

Also thanks to Daniel Fabien for discovering the CSS to get
linebreaking to look nice.

The mathlib community in general for just being really constructive
and solution oriented.

Angela Li for letting me use her tower of Hanoi widget in the demo.



Overview

Web Client (eg VSCode)

Lean Server

myfile.lean

open document >
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info . get log tree
= items
check if widget - ok
available i
initialize widget if
7 uninitialized
get_widget
ok 3
update DOM - render - render widget
find event widget_event 3
handod »| update widget
A\
update DOM - render ﬁ ok
render widget
myfile.lean

process effects
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