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Type inference

40 + 2 : Int



Typing Rules

40:Int  2:Int
40+2:Int

It the premises (above line) hold,
then the conclusion (below line) holds.




Typing Rules

with variables

[ =x:Int [ +2:Int
[ =Xx42:Int

Keep variable info in an environment I .
Here [ = {x:Int}



Typing Rules

the plus rule

[ Fel:Int [ +—e2:Int

[ Fel+e2:Int



Polymorpnism

Id X = X
A t->1

type variable t stands for any type



Polymorpnism

fst (X,y) = X
fst:: (L, t1) >t

type variables t, t1 stand for any type



Polymorpnism

strange f = (f 5, f “fo0”)
type error

f 1s not polymorphic!




Type inference

letfgx =gx(X+ 1)
etmab=a”™bDb
fm 6

find the types




Type inference

let £ (g::@1) (x::@2) :: @3 =g x (x + 1)
let m (a::@4) (b::@5) :: @6 = a * b
f m 6

add type variables for all the unknown types

f :: @1 -> @2 -> @3,
m :: @4 -> @5 -> @6




Type inference

let £ (g::@1) (x::@2) :: @3 =g x (x + 1)
let m (a::@4) (b::@5) @6 = a * b
f m 6
add constraints
f :: @1 -> @2 -> @3,
m :: @4 -> @5 -> @6,
@4 := Int, @5 := Int, @6 := Int




Type inference

let £ (g::@l) (x::@2) @3 = g x (x + 1)
let m (a::@4) (b::@5) @6 = a * b
f m 6
add constraints

f ¢:¢ @1 -> @2 -> @3,

m :: @4 -> @5 -> @6,

d4 := Int, @5 := Int, @6 := Int,

@2 := Int, @1 := Int -> Int -> @3




Type inference

let £ (g::@1) (x::Q@2) :: @3
let m (a::@4) (b::@5) :: @6
f m 6

g X (x + 1)
a * b

add constraints

f ¢ @1 -> @2 -> @3,

m :: @4 -> @5 -> @6,

@4 := Int, @5 := Int, @6 := Int,
@2 := Int, Q1 := Int -> Int -> @3,
@1 := Int -> Int -> Int




Type inference

f
m ::

Q4
@2
Rl

QA1 -> @2 ->
@4 -> @5 ->

Int,
Int,
Int

@5 :=
@1 ==
-> Int

@3,

46,

Int, @6 := Int,
Int -> Int -> @3,
-> Int




Type inference in A-calculus

expressions: e ;=X |[Ax.e|ee
types:t :=al|t =t

[ e tx™t [+ exix
| e ey . 1

(x:t)el [ Xtk et
[ Xt [ FAX.e: ty— t



Type inference in A-calculus

constraint solving

unity(@) = {}
unify({ t1 =12} U C) =
if T1 = 12 then
unify(C)
else if T1 = a and a not in T2 then
unify([a = 2] u C) o [a = T12] — compose unifications
else if T2 =a and anot in T1 then
unify([a = 11]C) o [a = T1]
elseif 1 =111 = 112 and 12 =121 = 122 then
unify(C u { T11 =121, 112 = 122 })
else
failure!




