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The origins of VDQ



  



  



  

data Bool where
  False :: Bool
  True  :: Bool



  

data Bool where
  False :: Bool
  True  :: Bool

data Bool :: * where
  ...



  

data Bool where
  False :: Bool
  True  :: Bool

data Bool :: Type where
  ...



  

data Maybe a where
  Nothing :: Maybe a
  Just    :: a -> Maybe a



  

data Maybe a where
  Nothing :: Maybe a
  Just    :: a -> Maybe a

data Maybe :: Type -> Type where
  ...



  

data Proxy (a :: k) where
  MkProxy :: Proxy a



  

data Proxy (a :: k) where
  MkProxy :: Proxy a

data Proxy :: k -> Type where
  ...



  

data Proxy (a :: k) where
  MkProxy :: Proxy a

data Proxy :: forall k. k -> Type where
  ...



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

$ ghci
>λ>

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

$ ghci
> :kind ProxyExpλ>

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

$ ghci
> :kind ProxyExpλ>

ProxyExp :: forall k -> k -> Type

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

$ ghci
> :kind ProxyExpλ>

ProxyExp :: forall k -> k -> Type
> data ProxyExp :: λ> forall k -> k -> Type

New in GHC 8.0!



  

data ProxyExp k (a :: k) where
  MkProxyExp :: ProxyExp k (a :: k)

data ProxyExp :: ??? where
  ...

$ ghci
> :kind ProxyExpλ>

ProxyExp :: forall k -> k -> Type
> data ProxyExp :: λ> forall k -> k -> Type

<interactive>:11:27: error: parse error on 
input ‘->’

New in GHC 8.0!



  

What is this
forall k ->
thing, anyway?
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Visible Dependent 
QuantificationThe argument must be written in the source code.



  

Visible Dependent 
QuantificationThe argument must be written in the source code.

Maybe
:: Type -> Type



  

Visible Dependent 
QuantificationThe argument must be written in the source code.

Maybe
:: Type -> Type

-----
Maybe Int



  

Visible Dependent 
QuantificationThe argument must be written in the source code.

Maybe
:: Type -> Type

-----
Maybe Int

Proxy
:: forall k. k -> Type



  

Visible Dependent 
QuantificationThe argument must be written in the source code.

Maybe
:: Type -> Type

-----
Maybe Int

Proxy
:: forall k. k -> Type

-----
Proxy Int



  

Visible Dependent 
QuantificationThe argument must be written in the source code.

Maybe
:: Type -> Type

-----
Maybe Int

Proxy
:: forall k. k -> Type

-----
Proxy @Type Int
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Visible Dependent 
QuantificationThe body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type
-----

Proxy @Type :: Type -> Type

The body of the kind changes depending on its type.
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Quantification
Proxy

:: forall k. k -> Type
-----

Proxy @()  :: ()    -> Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type
-----

Proxy @Bool :: Bool -> Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type
-----

Proxy @Bool :: Bool -> Type

Maybe
:: Type -> Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type
-----

Proxy @Bool :: Bool -> Type

Maybe
:: Type -> Type

-----
Maybe Int  :: Type

The body of the kind changes depending on its type.
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Proxy

:: forall k. k -> Type
-----

Proxy @Bool :: Bool -> Type

Maybe
:: Type -> Type

-----
Maybe Char :: Type

The body of the kind changes depending on its type.



  

Visible Dependent 
Quantification
Proxy

:: forall k. k -> Type
-----

Proxy @Bool :: Bool -> Type

Maybe
:: Type -> Type

-----
Maybe Bool :: Type

The body of the kind changes depending on its type.
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data ProxyExp :: forall k -> k -> Type
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data ProxyExp :: forall k -> k -> Type



  

Visible Dependent 
Quantification

data ProxyExp :: forall k -> k -> Type
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data ProxyExp :: forall k -> k -> Type
-----

ProxyExp Bool                
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data ProxyExp :: forall k -> k -> Type
-----

ProxyExp Bool :: Bool -> Type
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data ProxyExp :: forall k -> k -> Type
-----

ProxyExp Type :: Type -> Type
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data ProxyExp :: forall k -> k -> Type
-----

ProxyExp ()   :: ()   -> Type



  

Why do I want this?



  



  



  



  

type T :: (k -> Type) -> k -> Type
data T m a =
  MkT (m a) (T Maybe (m a))



  

type T :: (k -> Type) -> k -> Type
data T m a =
  MkT (m a) (T Maybe (m a))

data T2 k m (a :: k) =
  MkT2 (m a) (T2 Type Maybe (m a))



  

type T :: (k -> Type) -> k -> Type
data T m a =
  MkT (m a) (T Maybe (m a))

type T2 :: forall k -> (k -> Type) -> k -> Type
data T2 k m (a :: k) =
  MkT2 (m a) (T2 Type Maybe (m a))



  



  



  

class C a where
  type T a



  

class C a where
  type T a

T :: Type -> Type -- Old kind



  

class C a where
  type T a

T :: Type -> Type -- Old kind
T :: forall (a :: Type) -> C a => Type
                  -- New kind



  



  



  

_$_ :   {A ∀ {A : Set} {B : Set} →
      (A → B) →
      (A → B)
f $ x = f x



  

_$_ :   {A ∀ {A : Set} {B : A → Set} →
      (  (x ∀ {A : A) → B x) →
      (  (x ∀ {A : A) → B x)
f $ x = f x



  

_$_ :   {A ∀ {A : Set} {B : A → Set} →
      (  (x ∀ {A : A) → B x) →
      (  (x ∀ {A : A) → B x)
f $ x = f x

type ($) :: forall (a :: Type) (b :: a -> Type).
           (forall (x :: a) -> b x) ->
           (forall (x :: a) -> b x)
type f $ x = f x



  

_$_ :   {A ∀ {A : Set} {B : A → Set} →
      (  (x ∀ {A : A) → B x) →
      (  (x ∀ {A : A) → B x)
f $ x = f x
{-# LANGUAGE UnicodeSyntax #-}
type ($) ∷  (a ∀ {A ∷ Type) (b ∷ a → Type).
          (  (x ∀ {A ∷ a) → b x) →
          (  (x ∀ {A ∷ a) → b x)
type f $ x = f x



  

Implementing VDQ



  



  



  

data T (a :: Type) :: Type



  

data T (a :: Type) :: Type

T :: Type -> Type



  

data T (a :: Type) :: Type

T :: Type -> Type
T :: forall (a :: Type) -> Type



  

data T (a :: Type) :: Type

T :: Type -> Type
T :: forall (a :: Type) -> Type



  

data T (a :: Type) :: Type

T :: Type -> Type
T :: forall (a :: Type) -> Type

These two kinds are not equivalent (currently)



  

type The :: forall a -> a -> a

the :: forall a -> a -> a



  

type The :: forall a -> a -> a

the :: forall a -> a -> a



  

type The :: forall a -> a -> a

the :: forall a -> a -> a

data ProxyExp :: ??? where
  ...

> the :: forall a -> a -> aλ>



  

type The :: forall a -> a -> a

the :: forall a -> a -> a

data ProxyExp :: ??? where
  ...

> the :: forall a -> a -> aλ>
<interactive>:7:8: error:
    • Illegal visible, dependent 
quantification in the type of a term:
        forall a -> a -> a
      (GHC does not yet support this)



  

● Fills in a gaping hole in GHC’s kind language
● An important step towards dependent types in Haskell
● Amaze your friends, impress your coworkers, wow!

Debuts in GHC 8.10!

VDQ


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80

