Homework 4: STLC — Solutions

Problem 1
(a)

M =Xf:71 — 1. x: 7. left (f x)
Let
'=f:mm—>mz:m
Then the typing derivation is:
11 > el z:1 €l
M Finom W Ty,
I'fz:m
DEleft(fx): o+ 713
fimn—=mbEXzinleft(fz): 7 — (1o +73)
o-M: (11 = 1) > 1 — (T2 +713)

(VAR)
(APP)
(LEFT)

(ABS)
(ABS)

(b)
M = Xs: (11 X 1) + (13 X 14).case sdo (Ap : 71 X To. left (projlp))
(Aq : 3 X T4. right (proj2q))
Let
F'=s:(m x7)+ (13 X74)

Then the typing derivation is:

s:(m xXm)+(gxmy) el
(VAR)
T'ks:(m X 1)+ (13 X 74) Diets  Dhrignt

CASE
I' F case sdo (Ap : 71 X To. left (projlp)) ( )
(A\q : 73 X T4.right (proj2q)) : 71 + 74 ( )
ABS
ot M:((r x72)+ (13 x74)) = (11 + 74)
Here Diey denotes the following derivation tree:
i Xme (,p:n X
p:1ixm e (lp:m xm) (VAR)
p:m Xmbp:m X7
. (PROJI)
Ip:mi X projlp:m (LEFT)
I,p:m X 7ok left iLp) :
,p 71 X T2 b left (projlp) : 71 + 74 (ABS)

T'FAp: 7 X 7o left (projlp) : (11 X 12) — (11 + 74)
Use Diight to denote the following derivation tree:

q:m3x714 € (,q: 13 XT14)

(VAR)

(PROJ2)

(RIGHT)
(ABS)

Ig:m3xXmubq:m3 X1y

I'g: 173 X174 Fproj2q:my

I,q: 73 x 14 b right (proj2q) : 71 + 74

' Aq: 713 X 74.right (proj2q) : (13 X 74) — (71 + T4)




Problem 2
(a)

'=M:r
I'F Some M : option T

I' = M : optionT
F'HgetM: 7

(T-NONE) (T-SOME)

I" - None : option T

(T-GET)

(b)

Variant Preservation Progress

1 holds fails
2 holds holds
3 holds holds
4 fails holds
5 holds fails
6 fails fails

Variant 1.
e | Some (get None) : option T

This term is not a value and cannot reduce without SOME.

Variant 4.
o getNone: T get None — None e} None: T

None has only option types.

Variant 5.
o I get (getNone) : T

Here None has type option (option T). The inner get None is a value with no reduction. The
whole term is neither a value nor able to reduce.

Variant 6.
o - get (Some (Az : T. z)) : option (T — T)

get (Some(A\z:T.2)) — Az:T.z
e Az :T.z:option (T — T)
The reduct has a function type, so preservation fails. Also,

obget(A\z:T.2): T—>T

This term is neither a value nor able to reduce, so progress fails.



