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The agenda

▶ exploring Æthel
▶ parsing with graph learning machinery
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Types

ILL⊸ plus ♦,2 modalities for dependency domain demarkation.

T inductively defined as:

T := A | T⊸T | ♦dT | 2dT A ∈ A, T ∈ T

A – closed set of base types
⊸ – linear function builder
♦ – reserved for ”necessary arguments”, i.e. complements
2 – reserved for ”optional functors”, i.e. adjuncts
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Rules & Terms
😃 function/argument structures

c : T ` c : T Lex
Γ ` s : T1⊸T2 ∆ ` t : T1

Γ ,∆ ` s t : T2
⊸E

☺ simple dependency demarkation
Γ ` t : T

〈Γ〉d `△d t : ♦dT
♦dI Γ ` s : 2dT

〈Γ〉d ` ▼ds : T 2dE

😐 hypothetical reasoning

x : T ` x : T Ax
Γ , x : T1 ` s : T2
Γ ` λx.s : T1⊸T2

⊸I

😱 cosmic horror from the great beyond
〈Γ〉d ` s : T

Γ ` ▲ds : 2dT 2dI
Γ [〈x : T1〉d] ` t : T2 ∆ ` s : ♦dT1

Γ [∆] ` t[x 7→ ▽ds] : T2
♦dE
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Rules & Terms

Bonus:

ad-hoc extraction

⟨Γ , ⟨x : T1⟩X,∆⟩d ⊢ s : T2

⟨Γ ,∆⟩d, ⟨x : T1⟩X ⊢ s : T2
X
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Today’s Example

alt-tab
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Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(♦x2x♦mod2mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

!(_) := ♦2(_)



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

!(_) := ♦2(_)



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub)⊸2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart)⊸ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart⊸ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart

ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Types ≡ Trees

The type assignment of “where”:

♦relcl(!x!mod(ppart ⊸ ppart) ⊸ ssub) ⊸ 2mod(np ⊸ np)

⊸

♢relcl

⊸

!x

!mod

⊸

ppart ppart

ssub

2mod

⊸

np np



Recap: Grammar Proof Nets Going Neural Reality Check

Formula Decomposition: Polarity Induction
subtree polarity (preserved to the right, inverted to the left)

+ we have
- we miss
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Main ingredients

▶ Type assignment (supertagging)
parallel tree decoding with dynamic graph convolutions

▶ Axiom linking (neural bijections)
optimal transport with Sinkhorn iterations

▶ Formal verification
proof net traversal
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Not just a gray rectangle!

1 decoding step per tree depth; 3 message-passing rounds per step
▶ contextualize: states → states

universal transformer encoder w/ relative weights
(many-to-many, update states with neighborhood context)

▶ predict: state → nodes
token classification w/ dynamic tree embeddings
(one-to-many, predict fringe nodes from current state)

▶ feedback: nodes → state
heterogeneous graph attention
(many-to-one, update state with last predicted nodes)

[Kogkalidis & Moortgat, ???]

https://arxiv.org/abs/2203.12235
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