Type
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16 Hindley/Milner
Hindely/Milner [Mil78]
mini-ML let A
abstract class Term {}
case class Var ( x: String) ext
override def toString = X
}
case class Lam(x String, e:
override def toString = "
}
case class App(f Term, e: Te
override def toString = "
}
case class Let (x String, e:
override def toString =
}
Var
Any toString
sealed abstract class Type {}
case class Tyvar(a: String) e
override def toString = a
}
case class Arrow(tl: Type, t2
override def toString = "
}
case class Tycon(k: String, t
override def toString =
k + (if (ts.isEmp
}
Tyvar
Tycon
sealed( )
3 Term
object typelnfer
object typelnfer {
private var n: Int = 0
def newTyvar(): Type = {
abstract class Subst extends
def |l ookup(x: Tyvar): Typ
def apply(t: Type) Type
case tv @ Tyvar(a) =>
case Arrow(tl1, t2) =>
case Tycon(k, ts) =>

(Hindley/Milner Type Inference)

Scala
mini-ML Term
ends Term {
Term) extends Term {
(VA" 4 x o+ "o e+ )
rm) extends Term {
(" + f + + e + ")
Term, f: Term) extends Term {
"l et + X + " = T e + i n
Lam App let Let
xtends Type {
: Type) extends Type {
(" + t1 + " >" + t2 + ")
S List[Type]) extends Type {
ty) """ else ts.mkString("[",
Arrow Boolean  List
Boolean
toString
Type
Type
n += 1; Tyvar("a" + n) }
( )
Functionl[Type, Type] {
e
= t match {
val u = lookup(tv):; if (t ==
Arrow(apply(tl), apply(t2))
Tycon(k, ts map apply)



def extend(x: Tyvar, t: Type) = new Subst {
def | ookup(y: Tyvar): Type = if (x == y) t else Subs
}
}
v al emptySubst = new Subst { def | ookup(t: Tyvar): Type =
Type => Type Subst Function1[Type, Type](*1)
S Type Type apply
s(t)  s.apply(t)
(*1) Scala
Functionl Java interface
lookup  Subst
emptySubst Subst  extend
a bha-b

TypeScheme(List(Tyvar("a"), Tyvar("b")), Arrow(Tyvar("a"), T
extends AnyRef
case class TypeScheme(tyvars: List[Tyvar], tpe: Type) {
def newlnstance: Type = {
(emptySubst /[/: tyvars) ((s, tv) => s.extend(tv, newT
}
}
newlnstance
()
S tv S
Env typelnfer
Env
type Env = List[(String, TypeScheme)]
lookup
null
def | ookup(env: Env, x String): TypeScheme = env match {
case List() => nul
case (y, t) : envl => if (x == y) t else lookup(envl, x
}
gen
def gen(env: Env, t: Type): TypeScheme =
TypeScheme(tyvars(t) diff tyvars(env), t)
def tyvars(t: Type): List[Tyvar] =t match {
case tv @ Tyvar(a) =>
List(tv)
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(t1, t2) =>
(tl) wunion tyvars(t2)
(k, ts) =>
Tyvar] () [/ ts) ((tvs, t) => tvs union tyvar s(
TypeScheme) List[Tyvar] =
tpe) diff ts.tyvars
Env): List[Tyvar] =
r] ) [/ env) ((tvs, nt) => tvs union tyvars(nt
(
mgu s u
s’ s'(t)y s'(u)
e, u: Type, s: Subst): Subst = (s(t), s(u)) ma
r(a), Tyvar (b)) if (a == b)) =>
r(a), _) if !'!(tyvars(u) contains a) =>
nd(Tyvar(a), u)
yvar(a)) =>
t s)
w(t1l, t2), Arrow(ul, uz2)) =>
, ul, mgu(t2, u?z2, s))
n(kl, ts), Tycon(k2, wus)) if (k1 == k2) =>
(ts zip wus)) ((s, tu) => mgu(twu. _1, tu. _2, s))
new TypeError("cannot wunify " + s(t) + " with
TypeError
TypeError (s: String) extends Exception(s) {}
env e t
s’ s’(env)|—e:s’(t) Hindler/Milner [Mil178]
TypeError
Env, e: Term, t: Type, s: Subst): Subst = {
e
r(x) =>
= lookup(env, x)
== null) throw new TypeError ("undefined: +
mgu(u.newlnstance, t, s)
am(x, el) =>
a, b = newTyvar ()
sl = mgu(t, Arrow(a, b), s)
envl = {x, TypeScheme(List((), a)} env
nv a1, el, b, sl)
pp(el, e2) =>
a = newTyvar ()
sl = tp(env, el, Arrow(a, t), s)



tp(env, e2, a, s1l1)
case Let (x, el, e2) =>
v al a = newTyvar ()
v al sl = tp(env, el, a, s )
tp({x, gen(env, sil1(a))} :: env, e2, t, s1)
}
}
var current: Term = nul
tp TypeError
typeOf tp env e
a env | ea a
def typeOf (env: Env, e: Term): Type = {
val a = newTyvar ()
tp(env, e, a, emptySubst) (a)
}
}// end typelnfer
boolean env
fix
object predefined {
val bool eanType = Tycon("Boolean", List())
v al intType = Tycon("IlInt", List())
def | istType(t: Type) = Tycon("List", List(t))
private def gen(t: Type): typelnfer.TypeScheme = typelnfe
private val a = typelnfer.newTyvar ()
v al env = List(
{"true", gen(booleanType)},
{"fal se", gen(bool eanType)},
{"if", gen(Arrow(bool eanType, Arrow(a, Arrow(a, a))))}1},
{"zero", gen(intType)},
{"succ", gen( Arrow(intType, int Type))},
{"nil ", gen(listType(a))},
{"cons", gen(Arrow(a, Arrow(listType(a), l'i st Type(a))))
{"i sEmpty", gen(Arrow(listType(a), booleanType))},
{"head", gen(Arrow(listType(a), a))}
{"tail", gen(Arrow(listType(a), l'i st Type(a)))},
{"fix", gen(Arrow(Arrow(a, a), a))}}
)
}
Predefined.env
showType
object testlnfer {
def showType(e: Term): String =
try |
typelnfer.typeOf (predefined.env, e).toString
} catch {
case typelnfer. TypeError(msg) =>
"\'n cannot type: " + typelnfer.current +
\'n reason: " + msg
}

> testlnfer.showType(Lam("x", App(App(Var ("cons"), Var ("x")



> (a6->List[ab6])

16.0.1 Mini-ML letrec
|Ietrecident "=" term in term
letrec let letrec length
|l etrec |l ength = \xs
if (i sEmpty xs)
zero
(succ (length (tail xs)))
in ...
16
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