Functional Programming

Exercises Week 11
(for January 13, 2017)

4.  Solve the unification problem given by the following equations

Q] R g = a3 — Qg
ay == list(a)
g~ Qg
agz ~ list(a)
ar &~ ag — list(ag) — list(ag)
ag & o — list(ag) — list(ap)
ap R Qg
ag = list(ag)
list(ag) ~ ay

ay == list(ayg)

Solution. We have the following derivation:

(ak)
(v1)
{0411/042—>013—>O¢4} (bik)
=0 e (c—g); list(as) ~ list(as); (i); (k)
=) (cg); a5 ~ as; (i); (k)
S (c-g); (s (k)
=0 ay ~ list(ag); (e-g); (1); (k)
= e (e—g); list(as) = list(a); list(cg) = list(axo)
:>Ed1) (e—g); ag = ag; list(ag) = list(ay)
=) (e-g);as =~ ag; a = g
:‘?alﬁ)/ao} (e-g);as = a
:>g28)/a0} ar &~ ag — list(ag) — list(ag); (f); ap = ag
(v1) .
{a17/aoﬁlist(ag)alist(ao)}(f)7 Qo ~ Qo
= ()
(v1)

{ag/ag—list(ap)—list(ao)}
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The corresponding unifier is

{ay/list(ag) — list(ag) — list(ap), aa/list(a), a5/ ap, as/list(ap), g /list( ),
066/040, 048/0407 0[7/040 — “St(Oéo) — |iSt(O[0), 069/040 — |iSt<Oé[)) — “St(Oéo)}

(%) Define the type checking and type inference rules for a let-rec expression:

let rec f x = expr in f

and to a let expression with multiple bindings:

let x = expr and y = expr in expr

Solution.

e For the let-rec expression of the above formulation, a type checking rule would

be

Ex:m,f:m—>mnbke:n
Etlet rec fr=cinf:m —

and the type inference rule would be

Er>1let rec fr=ein f: 7T
Er:o,f:rag—>ab>e:ay TR — Qg

A nicer formulation of let-rec would be

loet rec x = expr in expr

with the rules
Ex:-mke:mn Ex:mbe:n

Etlet recx
Erlet recxr=¢einey: 7
E,Q?ICY1|>€13041; E,x:Oé1|>€2IT

€1 iney Ty

e For let expression with multiple bindings, a type checking rule would be

Etlte:mm FElFey:mn Ex:m,y:mhkes:Ts
EFhFlet x=e andy=e¢ey ines: 73

and the type inference rule would be

EFrletx=ciandy=eyines: 7

EFle ta; Fley:ag EFx:ay,y:asbez: T



