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Type-preserving compilation
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head : List A → ASource

Target

…

head : List ⟦A⟧ → ⟦A⟧

IL1

IL2

head
code that calls 
head with 42

error

link×



Dependent-type-preserving compilation
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head : Vec A (suc n) → ASource

Target head : Vec ⟦A⟧ (suc n) → ⟦A⟧

IL1

IL2…

head
code that calls 
head with []

error

link×



Existing results about CPS
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Barthe+ '99 CPS of Π is possible

Barthe & Uustalu '02 CPS of Σ is not possible

Bowman+ '17 CPS of Σ is not not possible



Shortcomings of Bowman et al.

•Output of translation contains administrative redexes

• Type preservation relies on a non-standard typing rule
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λk. ⟦e⟧ (λy. e')

Γ ⊢ e1 : ∀α. (A → α) → α

Γ ⊢ e1 B (λy. e2) : B

Γ, y = e1 A id ⊢ e2 : B
(T-Cont)



This work

•Avoid administrative redexes via an auxiliary translation

•Avoid non-standard rules by representing certain 

continuations as let
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λk. e | A | λy. e'

λk. let y = e | A | id in e'



Non-optimizing CBN translation of snd
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⟦snd e⟧ = λk. ⟦e⟧ (λy. snd y k)



Non-optimizing CBN translation of snd
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⟦snd e⟧ = λk. ⟦e⟧ (λy. snd y k)

administrative redex



Optimizing CBN translation of snd
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⟦snd e⟧ = λk. e | λy. snd y k

answer (aka colon) translation



Optimizing CBN translation of snd
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⟦snd e⟧ = λk. e | λy. snd y k

λk. (λy. snd y k) e' if e value

λk. e' (λy. snd y k) if e non-value
=



Typing result of translation
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⟦snd e⟧ = λk. e' (λy. snd y k)

Σx : A. B

Γ ⊢ snd e : B[fst e/x]

Γ ⊢ e : Σx : A. B
(Snd)



Typing result of translation
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⟦snd e⟧ = λk. e' (λy. snd y k)

B[fst e / x]

Γ ⊢ snd e : B[fst e/x]

Γ ⊢ e : Σx : A. B
(Snd)



Typing result of translation
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⟦snd e⟧ = λk. e' (λy. snd y k)

(⟦B⟧[⟦fst e⟧ / x] → ⊥) → ⊥



Typing result of translation
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⟦snd e⟧ = λk. e' (λy. snd y k)

snd y : (⟦B⟧[fst y / x] → ⊥) → ⊥

k : ⟦B⟧[⟦fst e⟧ / x] → ⊥



Continuation receives a unique value
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⟦snd e⟧ = λk. e' (λy. snd y k)

value of e
= e | id
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⟦snd e⟧ = λα. λk. e' (λy. snd y α k)

e | C | id

where C = Σx : ⟦A⟧. ⟦B⟧

polymorphic 
answer type

Πα : *. (⟦A⟧ → α) → α

Continuation receives a unique value



Proposal: Represent continuation as let
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

Before: λy. snd y α k



Proposal: Represent continuation as let
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

Before: λy. snd y α k

specific

arbitrary



Proposal: Represent continuation as let
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k typed using 
definition

Γ ⊢ let x = e1 in e2 : B[e1/x]

Γ ⊢ e1 : A
Γ, x = e1 ⊢ e2 : B

(Let)



Typing result of translation
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

snd y α : (⟦B⟧[fst y / x] → α) → α

k : ⟦B⟧[⟦fst e⟧ / x] → α



⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

Typing result of translation
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δ reduction: 
Γ ⊢ x ▷ e

if  x = e ∈ Γ

snd y α : (⟦B⟧[fst y / x] → α) → α

k : ⟦B⟧[⟦fst e⟧ / x] → α



Typing result of translation
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

snd y α : (⟦B⟧[fst (e | C | id) / x] → α) → α

k : ⟦B⟧[⟦fst e⟧ / x] → α



Typing result of translation
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⟦snd e⟧ = λα. λk. let y = e | C | id

in snd y α k

Naturality: 
e | B | k ≡

k (e | A | id)

snd y α : (⟦B⟧[fst (e | C | id) / x] → α) → α

k : ⟦B⟧[⟦fst e⟧ / x] → α



Progress so far

□ Formalize source language

□ Formalize target language

□ Define CPS translation

□ Prove type preservation
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Progress so far
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□ Define CPS translation

□ Prove type preservation
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✓

✓

✓

✓



Next steps

•CBV translation

• Inverse (direct style) translation

•Usability of the translation as a compiler pass
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Takeaway

Use let when λ does not give you 
enough reasoning power
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Γ ⊢ λα. λk. let y = e in e' : A

Γ ⊢ λα. λk. e (λy. e') : A

✓
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