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Here we extend our little language to have an infinite set of types with some
interesting structure, including function and record types, and assignable vari-

ables with aliasing.

1 Syntax
Types
7 == int | bool | string
| var(T)

| prod( ... x;:7 ...

| fun(m)7m

Addresses

a” €A a’ = (i,7)

This represents a typed address constant — a7 identifies (“is the address of”)
a value of type 7 in the store. We assume there are infinitely many address
constants of each type, and they are ordered (e.g. numerically).

Expressions

e x=mnl|t|s|a”

| Ve | e10eq | e1;es

| (if e; then e, else e3)



| (while e; do es)

| newvar(e;) | e; —ea|e1 T

| (let ... z;~e; ... ineg) |
[ (... x;~e ... ) |ex

| (lambda z : 7 dot ¢) | e1(e2)

2 Typing Rules

2.1 Preliminaries

The typing rules follow the same general structure as the ones in Notes 8. That
is, a type assignment 7 is a finite set

m = {...xi~7 o)
of assignments of types to names. The definitions of
dom() 7| (m © m2)
all appear in Notes 8. Judgements take the form
The:T
and the well-typed program expressions are those e such that
{}Fe:r

is derivable for some 7.

2.2 The Rules

Constants

I T9.1
Thkn: int ( )

_— T9.2
mkFt: bool (T9.2)



mk s: string

7k (a™): var(r)

Operators
kel : T b is
_ T —T
Tk (Yey): T !
Thel: n Thes:

QisTy X 19— T

mk (e1feq) : T

Control Structures

The : n They: ™

mk (e1;€2) 1 T2

7 ep: bool mhey: T Thes: T

7k (if e; then e; else e3) : 7

mep: bool They: T
7 F (while e; do e3) : bool

Assignable Variables

Ther T

7 F newvar(e;) : var(r)

m ke var(r) They: T

mh(ep—eq):T

m ke : var(r)
mh(er )7

(T9.3)

(T9.4)

(T9.5)

(T9.6)

(T9.7)

(T9.8)

(T9.9)

(T9.10)

(T9.11)

(T9.12)



Let Bindings

e owher T
(ro{... a7 ..})Fey:T (T9.13)
(mhlet ... z;~e; ... 0Iney): 7
m Where r:TET (T914)
Products
The;: T
T9.15
mh (.. x;~e ..y prod(... z;:T; ...) ( )
mhe: prod(... z;: 7 ...) (T9.16)
T ex; T '
Functions
(ro{z:7"}H)te: 7 (T9.17)
7+ (lambda x : 7/ dot ¢) : fun(7')T '
m ke : fun(r)r Theq: T (T9.18)

mhei(ex): T

2.3 Properties

The following are easily provable by induction on derivations:

Prop (unique typing) For any , e, 7, 7/
(rhe:m)AN(nke:7) = (r=17)

That is, in any type environment an expression can be typed only one way. O

Prop (support) For any , e, T
(mhe:7) = ((lpveyFe:T)

That is, the type of an expression depends only on the types of its free variables
in the type assignment. O



