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Binding Arity

f0 : Nat -> Nat -> Nat
f0 = λx. λy. x + y       (arity 0)

f1 : Nat -> Nat -> Nat
f1 x = λy. x + y         (arity 1)

f2 : Nat -> Nat -> Nat
f2 x y = x + y           (arity 2)

These bindings all have the same type, 
but different binding arity.



Now with Type Parameters

g0 : ∀a. Bool -> a -> a -> a
g0 = Λa. λb:Bool. λx:a. λy:a    (arity 0,0)  
   . if b then x else y       

g1_2 : ∀a. Bool -> a -> a -> a
g1_2 @a (b:Bool) (x:a)          (arity 1,2)
   = λy:a. if b then x else y   



Trouble...

g0 : Bool -> ∀a. a -> a -> a
g0 = λb:Bool. Λa. λx:a. λy:a    (arity 0,0)  
   . if b then x else y       

gXXX : Bool -> ∀a. a -> a -> a
gXXX (b:Bool) @a (x:a)          (arity ???)
   = λy:a. if b then x else y   

g0 has a rank-1 type but it is not in “prenex form”



Parameter and Return Vectors

f2 : [Nat, Nat] :-> [Nat]
f2 [x, y] = [x + y]



Parameter and Return Vectors

f2 : [Nat, Nat] :-> [Nat]
f2 [x, y] = [x + y]
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Parameter and Return Vectors

f2 : [Nat, Nat] :-> [Nat]
f2 [x, y] = [x + y]

g2 : [Nat] :-> [Nat, Nat]
g2 [x] = [x, x]



Parameter and Return Vectors

f1 : [Nat] :-> [[Nat] :-> [Nat]]
f1 [x] = [λ[y]. [x + y]]

f2 : [Nat, Nat] :-> [Nat]
f2 [x, y] = [x + y]

g2 : [Nat] :-> [Nat, Nat]
g2 [x] = [x, x]



Parameter and Return Vectors

f1 : [Nat] :-> [[Nat] :-> [Nat]]
f1 [x] = [λ[y]. [x + y]]

f2 : [Nat, Nat] :-> [Nat]
f2 [x, y] = [x + y]

f0 : [] :-> [[Nat] :-> [[Nat] :-> [Nat]]]
f0 [] = [λ[x].[λ[y]. [x + y]]]

g2 : [Nat] :-> [Nat, Nat]
g2 [x] = [x, x]



Polymorphism

gXX : Bool -> ∀a. a -> a -> a
gXX (b:Bool) @a (x:a)           
 = λy:a. if b then x else y   

gYY : [Bool] :-> [[a] :*> [[a, a] :-> [a]]]
gYY [b:Bool]
  = [Λ[a]. [λ[x,y]. if b then [x] else [y]]

"forall"



Multiple Return Values vs Tuples

fTup : Nat -> (Nat, Nat)
fTup x = (x, x)

gUse : Bool -> Nat -> (Nat, Nat)
gUse b x 
 = let z = fTup x
   in  if b then z else (0, 0)

A single variable binds a tuple containing  
two values. This implies we have allocated  
a container object.



All returned values must be bound explicitly

fVec : [Nat] :-> [Nat, Nat]
fVec [x] = [x, x]

gUse : [Bool, Nat] :-> [Nat, Nat]
gUse [b, x] 
 = let [z1, z2] = fVec [x]
   in  if b then [z1, z2] else [0, 0]

.. we must bind two values

When it returns two values..

.. and there is no intermediate allocation.



Parameter/Return vectors vs GHC UnboxedTuples

f x y = (# x+1, y-1 #)
g x   = case f x x of 
        { (# a, b #) -> a + b }

This works in GHC

.. but this does not:
g :: (# Int, Int #) -> Int
g (# a, b #) = a

… as it wants to be sugar for:
g :: (# Int, Int #) -> Int
g x = case x of { (# a, b #) -> a }



salt 
\discus-lang 
\github.com 



Discus

Salt

LLVM

Functional, 
with implicit allocation

Functional + Procedural 
with explicit allocation.

(abstract) 
Machine Instructions



void hello(void) {
  printf("hello world\n");
}
 

C



hello :: IO Void 
hello 
 = do putStrLn "hello world"
      ... ?
  

void hello(void) {
  printf("hello world\n");
}
 

data Void  
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hello :: IO Void 
hello 
 = do putStrLn "hello world"
      ... ?
  

void hello(void) {
  printf("hello world\n");
}
 

hello : Console ! []
 = do putStrLn "hello world"
      []

data Void  
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-- Functional Factorial
term fac1 [x: #Nat]: #Nat
 = if   #nat'eq [x, 0]
   then 1
   else #nat'mul [ x
                 , fac1 [#nat'sub [x, 1]]]



-- Procedural Factorial
proc fac2 [n: #Nat]: #Nat
 = do   cell acc: #Nat ← n
        cell x:   #Nat ← n
        enter fac []
         with fac []: [] = do
                when #nat'eq [x, 0] do leave
                acc ← #nat'mul [acc, x]
                x   ← #nat'sub [x,   1]
                fac []
        yield acc
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