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scribbled on papyrus by unknown 
author, c. 100 CE
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photographed by Casselman, 1994
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solving cubic equations (?)

Bakhshali manuscript, c. 300–900 CE (disputed)

discovered by anonymous peasant, 1881

photographed by Kaye, 1927

from Plofker et al., 2017
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solving cubic equations (?)

… and one of the oldest physical 
records of the numeral zero

Bakhshali manuscript, c. 300–900 CE (disputed)

discovered by anonymous peasant, 1881

photographed by Kaye, 1927

from Plofker et al., 2017
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Leibniz’s diagrammatic calculus
for… not sure exactly what

personal notes, Leibniz, c. 1675

photographed by Wolfram, 2013
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Edmonds-Karp algorithm
for max flow in a network

Theoretical Improvements in Algorithmic 
Efficiency for Network Flow Problems, 

Edmonds and Karp, 1972
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proof of length of a linked list
with separation logic

Separation Logic, Charguéraud, 2016
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Plan for this talk

■ We need diagrammatic notations in computer-assisted proofs,
but they are mostly missing.
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Plan for this talk

■ We need diagrammatic notations in computer-assisted proofs,
but they are mostly missing. Why?

■ Let’s learn from a success story: text notations.
➞ Identify five principles.

■ What might these look like for diagrams?
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(sep (MCell f2 d1 c2) (sep (MCell p1
  f1 b2) (sep (MCell p2 f2 b2) (sep
    (MCell b1 x c2) (sep (MListSeg c2 b2
      L2') (sep (MCell b2 d2 null)
        (MListSeg f1 b1 L1)))))))
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Structure-driven composition
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Infix "\*" := sep
  (right associativity, at level 75).
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Good-looking idioms
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(hyd2
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Continuity
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(hyd2
  head
  (hyd2
    (hyd5
      (hyd1 head)
      (hyd1 head)
      (hyd1 head)
      (hyd1 head)
      (hyd1 head))
    head))

level 0: #0
level 1: 0 -> #1, 0 -> #2
level 2: 2 -> #3, 2 -> #4
level 3: 3 -> #5, 3 -> #8,
         3 -> #10, 3 -> #12,
         3 -> #14
level 4: 5 -> #6, 8 -> #9,
         10 -> #11,
         12 -> #13,
         14 -> #15
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Canonicity
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■ Describe ‘good’ diagrams
● Rather, describe good diagramming systems, and illustrate their 

properties with some concrete diagrams

■ Prove our system better than other tools
● (We don’t have one)

■ Prove diagrams better than text notations
● Rather, computer-assisted proofs should have both!

We are not trying to…

71
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Ideal diagrammatic notation systems

Learn from the success of text notations:

■ Low cost, high reward
■ Structure-driven composition
■ Continuity
■ Canonicity
■ Good-looking idioms

What might this look like for diagrammatic notations?

72



SYSTEMF @ EPFL 73



SYSTEMF @ EPFL 74



SYSTEMF @ EPFL 75

Structure-driven composition
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(node
  (hcons (node
    (hcons (node
      (hcons (node hnil)
      (hcons (node hnil)
      hnil)))
    (hcons (node hnil)
    hnil))
  hnil))

Structure-driven composition
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(node
  (hcons (node
    (hcons (node
      (hcons (node hnil)
      (hcons (node hnil)
      hnil)))
    (hcons (node hnil)
    hnil))
  hnil))

Structure-driven composition

diagram (node hnil) := circle
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(node
  (hcons (node
    (hcons (node
      (hcons (node hnil)
      (hcons (node hnil)
      hnil)))
    (hcons (node hnil)
    hnil))
  hnil))

Structure-driven composition

diagram (hcons x xs) :=
  happend (diagram x) (diagram xs)
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(node
  (hcons (node
    (hcons (node
      (hcons (node hnil)
      (hcons (node hnil)
      hnil)))
    (hcons (node hnil)
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Structure-driven composition

diagram (node xs) :=
  vappend circle (diagram xs)
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Structure-driven composition

diagram (node hnil) := circle

diagram (hcons x xs) :=
  happend (diagram x) (diagram xs)

diagram (node xs) :=
  vappend circle (diagram xs)
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High reward. Low cost?

diagram (node hnil) := circle

diagram (hcons x xs) :=
  happend (diagram x) (diagram xs)

diagram (node xs) :=
  vappend circle (diagram xs)
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High reward. Low cost?

diagram (node hnil) := circle

diagram (hcons x xs) :=
  happend (diagram x) (diagram xs)

diagram (node xs) :=
  vappend circle (diagram xs)

Infix "\*" := sep.
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High reward. Low cost?

\node (N1) at (2,2) {$\bullet$};
\node (N2) at (2,4) {$\bullet$};
\node (N3) at (2,6) {$\bullet$};
\node (H1) at (0,8)
  {$\Smiley[1.5][vertfluo]$};
\node (H2) at (4,8)
  {$\Smiley[1.5][vertfluo]$};
\node (H5) at (4,4)
  {$\Smiley[1.5][vertfluo]$};
\draw (N1) -- (N2);
\draw (N2) -- (N3);
\draw (N3) to [bend left=10]  (H1);
\draw (N3) to [bend right=16] (H2);
\draw (N1) to [bend right=16] (H5);
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Good-looking idioms

https://docs.google.com/file/d/1BR_vliOwfNyIHnsWKfd0IkBKAOcAg32d/preview
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Good-looking idioms
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Good-looking idioms
(define gl
  (new grid-layout [...]
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]))

(send gl draw! 400 150)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]))

(send gl draw! 400 150)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]))

(send gl draw! 400 150)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]))

(send gl draw! 200 200)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]))

(send gl draw! 400 150)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]
    [item-defns `((0 1 1 2 ,box))]))

(send gl draw! 400 150)
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Good-looking idioms
(define gl
  (new grid-layout
               ; columns  rows
    [grid-defn '((1 2 1)  (3 1))]
    [gap 16] [padding 10]
    [item-defns `((0 1 1 2 ,box))]))

(send (send gl transpose) draw! 400 150)
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Good-looking idioms
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Good-looking idioms
■ Grid layouts

● Transpositions
●
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Good-looking idioms
■ Grid layouts

● Transpositions
●

■ Diagram composition
● horizontal & vertical juxtaposition
● bounding boxes
● endpoints & connectors
● nesting
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Good-looking idioms
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Good-looking idioms
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Good-looking idioms
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Canonicity
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Canonicity
■ One possible diagram per hydra
■ Children are ordered, visually and 

syntactically

■ Many possible diagrams per hydra
■ Syntactic order ↔ visual order?
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Conclusion
■ We need diagrammatic notations in computer-assisted proofs,

but they are mostly missing.
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Conclusion
■ We need diagrammatic notations in computer-assisted proofs,

but they are mostly missing. Why?

■ Let’s learn from the success of text notations.
● Low cost, high reward
● Structure-driven composition
● Continuity
● Canonicity
● Good-looking idioms

■ An ideal diagrammatic notation system translates these 
properties to diagrams.



SYSTEMF @ EPFL 126

Our plan
■ Study diagram language design.

● for graphs (math & stats)
● for individual diagrams vs. notations

■ Study diagram workflows.
● interactivity
● theorem prover integration

■ Study diagrammatic calculi.

■ Build stuff.
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Thank you!
Questions?
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Diagrammatic notations for ITP
■ We need diagrammatic notations in computer-assisted proofs,

but they are mostly missing. Why?

■ Let’s learn from the success of text notations.
● Low cost, high reward
● Structure-driven composition
● Continuity
● Canonicity
● Good-looking idioms

■ An ideal diagrammatic notation system translates these 
properties to diagrams.
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Penrose

■ Moderate cost, high reward:
Offline generation of individual diagrams

■ Structure-driven composition:
“Domain” + “stylesheet” = “substance” → diagram

■ Continuity: non-goal

■ Canonicity: non-goal

■ Good-looking idioms
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Penrose
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ProofWidgets (Lean 4)

■ High cost, high reward:
Fully general HTML+JS integration

■ Structure-driven composition, continuity, canonicity:
Largely up to the UI programmer

■ Good-looking idioms:
UI components, interactivity, extensibility
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ProofWidgets (Lean 4)
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D3.js

■ High cost, high reward:
“D3 is for bespoke visualization. D3 makes things possible, not 
necessarily easy; […] D3 makes sense for media organizations […] 
where a single graphic may be seen by a million readers”

■ Structure-driven composition:
“Data-driven diagrams”

■ Continuity, canonicity: ??

■ Good-looking idioms:
Are the soul of D3
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Hydras & Co.

■ Textbook written in literate Coq style with Alectryon
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Hydras & Co.



SYSTEMF @ EPFL 137

Interactive visual syntax (Andersen et al., 2020)

■ Turo game tiles as part of Racket syntax
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GeoCoq
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(node
 

        )
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(node
  (hcons

   hnil))
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(node
  (hcons (node

            )
   hnil))
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(node
  (hcons (node
     (hcons
     (hcons
      hnil)))
   hnil))
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(node
  (hcons (node
     (hcons (node hnil)
     (hcons (node hnil)
      hnil)))
   hnil))
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(node
  (hcons (node
     (hcons (node hnil)
     (hcons (node hnil)
      hnil)))
   hnil))
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(hyd1 (hyd2 head head))


