Cs311 Bigldeas Homework 2
Fall 2004 Due: October 15, 2004

1. The (abstract) syntax of MinML is

e = n|true|false|x|
+(er,e2) | = (e1,e2) | = (e1,e2) | < (er,€2) |
if e then e; else ey |

apply(ei,e2) | fun(z: 7)) :mpise

wheren ranges over integer constants anthnges over a set of variables. In this language a
valueis either a number, a boolean constant, or a function expression. The dynamic semantics
of evaluation is given by a transition relation defined by the rules

wherem = ny + na

+(n1,n2) — m

e1— €} e — €
/ /
+(e1,e2) = + (€7, e2) +(v1,e2) = + (v1,€3)
if true then e else ey — €1 if false then e; else eg — €2
e e

if e then e else ey — if ¢/ then e; else ey

61!—>€/1 €2l—>6,2

apply(ei, e2) — apply(eq, e2) apply(v1,e2) — apply(vi,e5)

apply(fun (z:7): T2 ise,v) — {v/x}e



Here we presented representative rules for-theperator. Similar rules will cover the operator
and the relational operatotsand<.

The typing rules for MinML are given below(omitting the rules feexpressions ang expres-
sions, which are the same as fprand<).
Iz)=r71
I'x:7
I'ke;:int I'kes:int
' +(e1,e2) : int

I'ke;:int I'kes:int
I' < (e1,e2) : bool
I'Fe:boolI'bFer: T I'key:r
I'Hif ethenejelseey: T

'kei:im—r I'eg:m

It apply(er,e2) : 7
Plz:7|kFe:T
'Ffun(z:7):7ise: 7 — 71

Problem 1. Prove the followingSubstitution Lemma
Lemma [Substitution]: If [z : 7| Fe: 7andl'Fe: 7/, thenl - €' /ze : T.

Problem 2. Prove the following Cannonical Forms Lemma.

Lemma [Cannonical Forms].. Let v be a valuei(e. a number constant, a boolean constant, or a
closed function expression), and assume that: 7.

1. If 7 = bool, then eitherw = true orv = false.
2. If 7 = int, thenv = n for some natural number.

3. Ifr =71 — mthenv = fun(z: 1) : 72 is e, for somer ande.



