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Type-level naturals

data Z

data S n

type family Plus (m::*) (n::*) :: *

type instance Plus Z n = n

type instance Plus (S m) n = S (Plus m n)
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Length-indexed vectors

data Vec :: * -> * -> * where

Nil :: Vec Z a

Cons :: a -> Vec n a -> Vec (S n) a

append :: Vec m a -> Vec n a -> Vec (Plus m n) a

append Nil v = v

append (Cons x xs) v = Cons x (append xs v)
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Problems

data Nat = Z | S Nat

data Z -- duplicate!

data S n

data Vec :: * -> * -> * -- untyped!

Vec Int (S Z) -- ?

Vec (S Z) Int -- ?
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The goal

Taking inspiration from SHE. . .
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data Nat = Z | S Nat

type family Plus (m::Nat) (n::Nat) :: Nat
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data Vec :: Nat -> * -> * where

Nil :: Vec Z a

Cons :: a -> Vec n a -> Vec (S n) a

append :: ...

. . . Look, ma, no braces!
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GHC core

e ::= x | K
| Λa : κ.e | e τ
| λx : σ.e | e1 e2
| let... | case...
| e B γ
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Collapse everything?

I Phase distinction!

I No need for erasure analysis

I Incremental changes
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Kind polymorphism!

∀κ : ?.∀a : κ. . . .
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Typechecking coercions

∀a : κ.τ1 ∼ ∀a : κ.τ2

I Nontrivial kind equalities only come from GADTs. . .

I No lifting GADTs! (For now.)
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Progress

I Currently refactoring coercions as a separate type

I Fix newtype deriving bug!

I Implement auto-lifting of non-GADTs
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Allow lifting GADTs?
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Closed type functions?

data Nat = Z | S Nat

type family Pred (n::Nat) :: Nat

type instance Pred Z = Z

type instance Pred (S n) = n
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Closed type classes?

class Foo (n::Nat) where

...

instance Foo Z where ...

instance Foo (S n) where ...
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Proof search/induction?

Plus n Z ~ n
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Lifting value-level functions to the type level?

plus :: Nat -> Nat -> Nat

plus Z n = n

plus (S m) n = S (plus m n)

append :: Vec m a -> Vec n a -> Vec (plus m n) a

...
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Coming soon to a GHC near you!
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