COSE212: Programming Languages

Lecture 12 — Automatic Type Inference (3)

Hakjoo Oh
2015 Fall
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Type Inference for PROC
‘typeof : E— T‘

zero? E

if F then F else E
letx = F in E
proc x E

E FE

bool
T —»T

T — int
|
|
| « (€ TyVar)
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Deriving Type Equations
o Type equations:
TyEgn — 0 | T =T AN TyEqgn
@ Generation algorithm:
V:(Var - T) X EXT — TyEgn
V(T, e, t) generates constraint u such that

I'e:t

is true if w is satisfied.
» V([z — int],x+1,a) =
» V(0,proc (z) (if  then 1 else 2),ax — 3) =
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Deriving Type Equations

v@,n,t) =
V(@,z,t) =
V({,e1 + ea,t) =

V(T zero? e, t)
V(T,if e ex e3,t) =
V([,let * = ey in e, t) =
V(T',proc (z) e, t) =

V(F7 €1 625t) =

t = int

t =T(x)

t=int A V(T,e1,int) A V(T,eq,int)

t = bool A V(T,e,int)

V(T,e1,bool) A V(T,ea,t) A (T,es,t)
V(T,e1,a) A V([xz — a]T', ez, t) (new o)

t=a; > azs A V(z— a1]T,e,az)
(new a1, a2)

V(T,e1,a = t) A V(T,ez,a) (new )
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Exercises

° V(0, (proc (z) (z)) 1, )
o V(0,proc (f) (f 11), )
e V([x — bool],if x then (z — 1) else 0, @)

° V(0,proc (f) (zero? (f f)), )
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Substitution

Solutions of type equations are represented by substitution:

S € Subst = TyVar — T

Applying a substitution to a type:

S(int) = int
S(bool) = bool
S(a) { t if |—> te S
la% otherwise
S(Tl — Tz) = S(Tl) — S(TQ)
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Unification

Update the current substitution with equality t; = t2.

unify : T X T X Subst — Subst

unify(int, int, S)
unify(bool, bool, S)

unify(a, ¢, S)

unify(t, o, S)
unify(t1 — tz,t;_ — tlz, S)

unify(, -, )

cf) extension of S with @ = ¢:

S
S

« occurs in t

fail
{ extend S with o« =t otherwise

unify(a, ¢, S)

let §" = unify(ty,t],5) in

let t3 = S/(tz) in
let t4 = S,(tlz) in

unify(t?n ta, S,)
fail
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Exercises

unify(a, int — int, ) =
unify(a, int — o, 0) =
unify(a — 3, int — int,0) =
unify(a — B,int = a,0) =
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Solving Equations

unifyall : TyEqgqn — Subst — Subst

unifyall(@,S) = S
unifyall((t; = t2) A u,S) = let S’ = unify(S(t1), S(t2),S)
in unifyall(u, S”)
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typeof

typeof (E) =
let S=UV(D, E,)) (new )
in S(a)
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Examples

e typeof((proc (x) =) 1)
e typeof(let x = 1 in proc(y) (= + vy))
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Summary: Automatic Type Inference

Design and implementation of static type system:
@ logical rules for inferring types

@ algorithmic procedure for inferring types
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