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Just 1 : Maybe Int : *
Maybe : * -> * : O

Vec Int Z : * : O

Vec : * -> Nat -> * : O



map : forall a b. (a -> b) -> [a] -> [b]
map f (x:xs) = f x : map T Xs
map f [] = []



p :: forall a b. (a -> b) -> [a] -> [b]
map
\

::a ->b)
[a]) ->
case ds of
[] -> GHC.Types.[] @b
. X XS ->
GHC.Types.: @b (f x) (map @a @b f xs)

(@a
(@b)
(f
(d



forall

(a :: *)

(b :: *)

(f :: a -> b)
(xs :: [a])

. [b]



replicate :: pi (n : Nat) -> a -> Vec a n
replicate Z = Nil
replicate (S m) X = x :> replicate m a



forall (a : *). a
a->a
Monad m => m a
pi (a : Bool). fa
pi (a : Bool) -> f a

Vvis

rel

+ + + +



pi
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zipWithN, mapT

tail []



strncpy
:: forall (p gq :: Nat)
=> (LE np ~ True, LE n g ~ True)
p1 (n :: Nat)
-> Ptr Char p
-> Ptr Char ¢
-> I0 ()



e [1-Ware: Hardware Description
o Swierstra et al., 2015

e Correct-by-Construction Concurrency
o Brady & Hammond, 2009

e Security-Typed Programming
o Morgenstern & Licata, 2010



http://www.staff.science.uu.nl/~swier004/Publications/piware.pdf
https://eb.host.cs.st-andrews.ac.uk/writings/fi-cbc.pdf
http://www.cs.cmu.edu/~jamiemmt/papers/ml10sectyp.pdf

Type Families



data Nat = Z | S Nat

type family
(m :: Nat) :+ (n :: Nat) :: Nat

where
Z '+ N = n
(S k) :+ n=S (k :+ n)

-- Vec am ->Vec a n ->Vec a (m :+ n)



GADTs

Generalized Algebraic Data Types



data Vec :: Nat -> * -> *
Nil :: Vec Z a
(:>) :: a ->Vecna ->Vec (Sn) a



data Vec (n :: Nat) (a :: *) :: * where

Nil :: n~Z => Nil n a
(:>) :: forall (m :: Nat)
n ~Sm

=> g -> Vec ma ->Vec n a



tail :: Vec (S k) a -> Vec k a
tail ( :> Xxs) = Xxs

-- (m :: Nat) (S kK ~ S m)



type family

(v :: Vecam) :++ (w :: Vec a n) :: Vec a k
where

Nil T+ W

(X > Xs) :++ w

w
X > (XS :++ w)



type family
(v :: Vec am) :++ (w :: Vec a n) :: Vec a k
where
Nil W= W
(X :> Xs) 4+ w = X > (XS :++ w)

‘Vec’ of kind ‘* -> Nat -> *’ is not promotable
In the kind ‘Vec a m’



Vec :: O -> 0O -> 0O



replicate :: pi (n :: Nat) -> a -> Vec a n
replicate Z a = Nil
a =

replicate (S m) :> replicate m a



data Nat = Z | S Nat

data Nat's :: Nat -> * where
Z's :: Nat's Z
S's :: Nat's n -> Nat's (S n)

-- S's 7Z's ::r Nat's (S Z)



replicate :: Nat's n -> a -> Vec a n
replicate Z's a = Nil
replicate (S's m) a

a :> replicate m a



OHM yXe 30ecCh!



Singleton types here
Singleton types there

Singleton types everywhere

Monnier & Haguenauer, 2009



Hasochism

Lindley & mcBride, 2013



data Fin :: Nat -> * where
FZ :: Fin (S n)
FS :: Fin n -> Fin (S n)



lookup :: pi (f :: Fin n) -> Vec a n -> a
Llookup FZ (x :> ) = X

Llookup (FS i) (  :> xs) = lookup 1 xs



data Fin's (n :: Nat) (f :: Fin n) :: * where
FZ's :: Fin's (S m) FZ
FS's :: Fin's m g -> Fin's (S m) (FS qg)

-- FS's FZ's :: Fin's 4 (FS FZ :: Fin 4)



data Fin's (n :: Nat) (f :: Fin n) :: * where
FZ's :: Fin's (S m) FZ
FS's :: Fin's m g -> Fin's (S m) (FS qg)

{ ’

Kind variable also used as type variable: ‘n

In the data type declaration for ‘Fin's’



get "/Contract/:1d" $ do
intParam "id" >>= queryDb "Contract" >>= json

type API
= "Contract”
:> Capture "id" Int
:> Get '[JSON] Contract



type Api
= "Contract"
:> Capture "1id" Int
:> RoleFilter "Contract" "owner" '[43, 265]
:> Get '[JSON] (Obj Contract)



data User (fieldName :: Symbol) where
Id :: Int -> User "id"
Name :: Text -> User "name"
Roles :: [Vector (Ref Role)] -> User "roles"

data Contract (fieldName :: Symbol) where
Id :: Int -> Contract "id"
Owner :: Ref Role -> Contract "owner"

type family TableName (m :: Symbol -> *) :: Symbol
type instance TableName User = "User"
type instance TableName Contract = "Contract”



type Api
= "Contract"”
:> Capture "1id" Int
:> RoleFilter "Contract" "owner" '[43, 265]
:> Get '[JSON] (Obj Contract)

type Api
= MkFilter Contract
(RoleFilter C.Owner '[Rolel, Role2])



type family MkFilter
(f :: Symbol)
(m :: Symbol -> *)
(filter :: *)
where
MkFilter f m (RoleFilter (own :: m g)
= TableName m
:> Capture
(FieldName (TableId m))
(FieldType (TableId m))
:> RoleFilter' (TableName m) g rs
:> Get '[JSON] (Obj m)

rs)



Termination
Equality

Consistency



e System FC with Explicit Kind Equality, 2013

e Dependent Types in Haskell, draft

e Type Inference, Haskell and Dependent Types, 2013



https://www.cis.upenn.edu/~eir/papers/2013/fckinds/fckinds.pdf
https://github.com/goldfirere/thesis/blob/master/built/proposal.pdf
http://adam.gundry.co.uk/pub/thesis/

Stephanie Weirich



Richard A. Eisenberg



Per Martin-Lof, Intuitionistic type theory (1984)



http://www.csie.ntu.edu.tw/~b94087/ITT.pdf
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