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Example
vecA : nat → Type 

[] : vecA 0 

cons : ∀ n, A → vecA n → vecA (S n)

rev : ∀ {n m}, vecA n → vecA m → vecA (n + m) 

rev [] acc ≐ acc 

rev (cons n a v) acc ≐ rev v (cons m a acc)

vecA (n + S m)reflection ⇒ vecA (S n + m)  ≡ 3
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Intensional VS Extensional
What is the relation between the two?

TODAY
ETT can be translated to ITT + K + funext

+ Minimal (axiom-wise)

+ Constructive (formalised in Coq)

+ Computes (produces Coq terms)
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Fundamental difference
Oury Hofmann / us

Free  β-reduction Blocked  β-reduction

(λ(x : A).B.t) @(x:A).B u
≡ t[x := u]

(λ(x : nat).x) 0 ≡ 0

bool nat≠

No Uniqueness of type

No Subject reduction
OR

Uniqueness of type
andΓ ⊢ t : A Γ ⊢ t : B

⇒ Γ ⊢ A ≡ B 9
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⋮⋮

Idea: Conversion is translated to transport.

Γ ⊢x t : B Γ ⊢x B ≡ A Γ’ ⊢i e : B’ = A’
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⇓

⇒ Coherence problems
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Heterogenous equality

a A=B b

≐ ∑ (p : A = B), transp(p,a) = b
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t ∼ transp(e,t’) t @(x:A).B u ∼ t’ @(x:A’).B’ u’

t ∼ t’ A ∼ A’ B ∼ B’ u ∼ u’
…

t is translated to t’ with t ∼ t’
Invariant 

Given Γ and  t ∼ t’, there exists a term p such that 
 if Γ ⊢i t : A and Γ ⊢i t’ : B then Γ ⊢x p : t A=B t’.

Fundamental lemma 
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∀ Γᵗ ∼ Γ, ⊢i Γᵗ →  ∑ (tᵗ ∼ t) (Aᵗ ∼ A) (uᵗ ∼ u) (Aˢ ∼ A) p,
Γ ⊢x t ≡ u : Aif then

Γᵗ ⊢i p : tᵗ Aᵗ=Aˢ uᵗ



Conclusion

ETT ITT + K + funext

Term

Typing derivation

+

Term

Typing derivation

+

Translation relation

+

Translation



Conclusion

ETT ITT + K + funext

Term

Typing derivation

+

Term

Typing derivation

+

Translation relation

+

Translation

HTS Two Level TT
OR OR



Conclusion

Coq + K + funextETT ITT + K + funext

Term

Typing derivation
+

Term

Typing derivation

+

Translation relation
+

Term

Translation Reflection 
(TemplateCoq)

Coq

Untyped Term

Reflection 
(TemplateCoq)

HTS Two Level TT
OR OR



Conclusion

https://github.com/TheoWinterhalter/ett-to-itt

Coq + K + funextETT ITT + K + funext

Term

Typing derivation
+

Term

Typing derivation

+

Translation relation
+

Term

Translation Reflection 
(TemplateCoq)

Coq

Untyped Term

Reflection 
(TemplateCoq)

HTS Two Level TT
OR OR


