Monomorphic, explicitly-typed
OCaml

type type = IntType | BoolType | FunType of type * type

type exp = Int of int | True | False | Var of string
| App of exp * exp | Fun of string * type * exp

| Operation of exp * binary_operation * exp

Type rules (where ' is a mapping from variables to types, and each binary operation &

is assumed to have a given type 7 — 7' — 7"):

(Const) 'k Inti: int (Var) 'k a: I'(a)
(Fun) FEfuna:r >e: 7 — 1 (8) Fr'Fedge 7"
INa:r]Fe: 7 'Fe:r
e’ : 7
(App) I'Fee : 7 (True) [' ~ true : bool
be:r—7 (False) I' - false : bool
ke :r
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Examples

@ - fun x:int -> x+1 : int — int (F:w\)
fwX T xa L wy [$)
fwt (b xoowh (\/,},L?
) = fun f:(int->int) -> f 3 : (int— int) — int (\-MW
§]€-n’f—?w:l'f 4 3 . 3 | (Ayyp)
Pfoutoaxy b £ Rl (Vor )

af.-m—a;.ﬂ b B34 Y ( Cmd)
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Examples (cont.)

@+ fun f:(int->int) -> fun x:int -> f (f x) (J:M\
. (int— int) — (int— int)

St PRl o S 'F*M'K X f (4 SR Rs)
rﬂf’—.’.ﬁ .
}ifS wﬂt' "it (s “&Z\ ’f {7[ x) - hu\. /P\(’f)

S . ’f ~ 5wk (Vor )
O r 1[ x . ('ﬁ‘rﬂ
(F T (V)

(\/an_)
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Inform
a
| example of type inference

0 (fun x,-> (}yﬂﬁyé

O (£ -
(fun £,-> (1 + (;3)\36 f- X

r%
(ﬂ un -
F@ £ >(%3,Dy)é
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Type inference, formally

® Generate a set F of equations, or constraints, of the form
a = 7, as follows: Start with £ = (). For every subexpression
t’ of t, add constraints to F, depending upon the form of ¢’:

(Int 7),: { a =int }
true, or false,: { @ = bool }
(e D €ej3)~: {a=7,08=7,v=7"1}

(Where ¢ has type 7 — 77 — TH)
(fl.ln Lo — EH).},:

(ea Ef’j’)"f:

ey e,
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Example of generating F

OF fun £ -> £ (£ 3)

Annotated: (fun f, — (fa (fa 33)+)s)w

Constraints: : N)(
ol = =7 X
X e x ‘JS
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Solving F (informally)

® Start from the constraints generated in the previous example:

. | I |
ﬁ:: uﬁ\{ r; ﬁ b-j- £ bj'—? F "'3[ w:x t’ ,,,i‘:l?nj
- B3 of = W\ »
‘:\#F\{., S :> a{ﬂ\ﬁ"g ? A;;df:p& > Al' ’T'}d) 3 ‘|u hi_??)
:x 2§ Af’: <3 -’; Sf'hnj\- Y;j l{ hd:ﬂ'
Y A c
otk ¥ §

® (Note how we had to make two type expressions match
up — this is called unification.)
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Unification examples

® Will present algorithm for unification later. These are exam-
ples to be solved by inspection.

unify( o — 3, int— ~ )

a{#—-‘:-'.;ﬁ:(- ':"‘Hw:k

f,t——rh/ X"‘“F

unify( ¥ —:»('Il'lt—.k 3), (il’lt—fll'lt)% Y )
o — = l*'-"j_

Y |— E:('-?f.
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