Exercise

Determine the output of the following program assuming static
and dynamic scoping. Explain the difference, if there is any.

object MyClass {
valx =5 o /’«P 3
def foo(z:3|nt): Int={x+2z}
def bar(y: Int): Int = {

Val\x/=1h/a| 7=2

Ao

fo0(Y) fa0(5) m 4

}

def main() { N
valx=7& gl'ajﬁc: é\wawac .

printin(foo(bar(3))) 13 1

} L\,E,J

}




type judgement relation

el

If the (free) variables of e have types given by gamma,
then e (correctly) type checks and has type T

I—'I—-eilTl r\"‘em:Th

—

NEF e T
If e, type checks in gamma and has type T, and ...

and e, type checks in gamma and has type T,
then e type checks in gamma and has type T

type rule




Type Checlﬁfr Implementation Sketch
e T

def typeCheck(I' : Mapl[ID, Type], e : ExprTree) : TypeTree = {

e match {

case Var(id) => {I'(id) match
case Some(t) =>t
case None => error(Unknownldentifier(id,id.pos))

}

case If(c,el,e2) =>{
val tc = typeCheck(I’,c)
if (tc != BooleanType) error(IfExpectsBooleanCondition(e.pos))
val t1 = typeCheck(I’, el); val t2 = typeCheck(I’, e2)
if (t1 !=12) error(IfBranchesShouldHaveSameType(e.pos))
tl

!



Derivation Using Type Rules
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Type Rule for Function Application

We can treat operators as variables that have function type

4+ lntxlut - Int
< . \mtx lut = Boolean
22 Boo‘eau xBoo\ eaw = Beo\edm

We can replace many previous rules with application rule:

MEey: T, o TFET, Tk Fi(rox-xTn)—> T)

Mk f(esr ..., T

MplbyiBodkon  [hhRocleay [ 28 Budennr Bodene
Mk (b 4e by): Bogleav




Computing the Environment of a Class

=1
object World {
var data : Int (data,int),
var name : String (name, Strin),
def m(x : Int, y : Int) : Boolean { ... } (WM, (nt Xlut — Bodleaw) |
def n(x : Int) : Int { (n, lut = luk),
if (x> 0) p(x—1) else 3 -
}
def p(r: Int) : Int ={ (p) lut = (nt)
vark=r+2
m(k, n(k))
} 3

}

Type check each function m,n,p in this global environment



Extending the Environment

= 1

class World {
var data : Int (data,int),
var name : String (name, St"“"‘j);

def m(x : Int, y : Int) : Boolean { ... } (W, [nt xlut = Boolean) |
def n(x : Int) : Int { (n, lut = luk),

if (x>0)p(x—1)else 3 (p, \nt >1lak)
} < r'o

def p(r: Int) : Int ={
var k:Int=r + 2
mk, nk) S
}
}

<« [, = n, ®{ (")“"H’J
r‘z - Pt@ { (k,‘V\H} - rlo U{(v,lm‘:\. (k,lu’c)}




Type Checking Expression in a Body

G= 1
class World {
var data : Int (data,lnt),
var name : String (name, St"“’“j),
def m(x : Int, y : Int) : Boolean { ... } (W, [nt xlut = Boolean) |
def n(x : Int) : Int { G (n, lut = luk),
if (x>0)p(x—1)else 3 (p, \nt >1lak)

} @—Po

def p(r: Int) : Int = { lwd)y
var k:iint=r+ 2 I I"GB{(*'

- - l"-l"@f){(k“’\’ﬁ’J
m(k, n(k)) :
Lﬁ__._\J :\ ‘k "y
) | nrewt Tprwldeud GF kW0 e
} [ b n(k) "t

e —

M b w (b, n() yeo\tan



Remember Function Updates

{(X;Tl);(y:Tz)} D {(X:Tg)} = {(X;T3)1(V;T2)}



Type Rule for Method Bodies
[ Q{(“"T‘\vw(*uﬁu\} e T

——,

M| (def m X T, Xa'TW) 1 T=e ) 10K
1~

Type Rule for Assignments

(x,7) €l Mbe:T
= (x:e,\-,vo'lcs

Unit
Type Rules for Block: { var x;:T; ... var X,:T; S;; ... S; € }
I S, : Void
r ® { (*"T‘)) ") (X“IT"S \' S .void
e T

T vordy Ty var i Tas Sa1 0 Sm €] T




Blocks with Declarations in the Middle

MbFeT just
MF ey T expression

Fro{ogT] F $ty- b T

M {vae x:T 54, .. ‘,-t\,\\j T

r‘\'s,:vo{c\ \"\'{qu --ﬂth?& o

Pe{ St tndT

empty
Mk §}:void

declaration is first

statement is first

AN




Rule for While Statement

7 I b:Boolean Mk s:vold

" F (while (b) s) . void




Rule for Method Call

class To 1
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Example to Type Check

. o ={
Obj ect World { 22’ Boo|ean)’
var z : Boolean (u, Int),
var u : Int (f, Boolean — Int) }
def f(y : Boolean) : Int { {
2 = Y < I, =T, ® {(y, Boolean)}
if (u > 0) {
B u =]1 -1 I'y F z: Boolean ['1 - y: Boolean
var 23: Int I'y F (z=y): void -
L Z+Z
} else { O
} Exercise:
} 277

Ty 1 if (> 0) { body } else { 0} : Int

—



Overloading of Operators

4. TXTHOT

Int X Int — Int

I' - eq: Int I' - eq: Int
' (e; +e2): Int

Not a problem for type checking from leaves to root

String x String — String

[' eq: String ['F ey: String

['F (e1 + eg): String




Arrays

Using array as an expression, on the right-hand side

'+ a: Array(T) ['Fi: Int
[ ali]:T

/A

Assigning to an array

[t a: Array(T) ['Fi: Int 'Fe T

[+ (a[i]% = ¢): void




Example with Arrays

[
def nexft(a : Array[Int], k : Int) : Int = {

alk] = afalk]]
} L / )

=

Given I' = {(a, Array(Int)), (k, Int)}, check I" |- a[k] = a[a[K]]: Int

'+ a: Array(Int) ['F k: Int
'+ a: Array(Int) [t a[k]: Int

[' - alalk]]:Int [ ta: Array(Int) [+ k:Int

r I—(a[k} = a[a[k]])k@ 'void



Type Rules (1)

(xx T) €T yariable constant
T-x T IntConst(k): Int

I'ke Ty ... T ¢Fe,: T, C-f:(Tyx---xT, —>T)
' fler,...,en): T function application

' eq: Int [' - es: Int olus I' F eq: String [' - eg: String

[ (e1 +e2): Int ['t (e1 + e2): String

I' F b: Boolean I'Fe;: T ['Feyg: T

f
['F (if(b) e else ) : T !

' F b: Boolean '+ s: void (x, T) el e T
[' = (while(b) s): void ['F (x=e): void

while assignment




Type Rules (2)

I'Fe: T )
' {e}: T I'H{}: void
Do (0T} b {ta .. 1) T
I'H{var x : Ty;to; ... ;tn}: T > block
['F s1: void U= A{te; ... 5ty ) T
I'EAsyste; ... 5t} T )

' a: Array(T) ['Fi: Int
['Fali]: T

array use

[+ a: Array(T) [t i: Int I'-e T array
['Hali] =e) yord assignment




Type Rules (3)

I'¢ - top-level environment of class C

L

class C {
var xX: Int;
def m(p: Int): Boolean = {..}

l Vov \{‘(C

I['°={(x, Int), (m, CxInt > Boolean)}

}

I'Fe:C I‘Cl—m JTl ...XTn—>Tn_|_1 F|_€ZTZ 1 <1 <n
I'Fem(er, ... ,en): Thit

method invocation

['Fe: C “kf T fiald
TFef T Ield tse

I Fe: C “-f T

1 Ex 1T feld assignment
I'F (e.f = x): void




Does this program type check?

class Rectangle {
var width: Int
var height: Int
var xPos: Int
var yPos: Int
def area(): Int = {
if (width > 0 && height > 0)
width * height
else O
}
def resize(maxSize: Int) {
while (area > maxSize) {
width = width / 2
height = height / 2
}
}
}



Meaning of Types

e Types can be viewed as named entities
— explicitly declared classes, traits
— their meaning is given by methods they have

— constructs such as inheritance establish
relationships between classes

e Types can be viewed as sets of values
-Int={...,,-2,-1,0,1, 2, ... }
— Boolean = { false, true }
—Int 2 Int={f:Int->Int | fis computable }



Types as Sets

e Sets so far were disjoint e~
|
Boolean
true, false

e Sets can overlap

C represents not only declared C,

w but all possible extensions as well
a C

class C / \

TS o
|
Int — Int @ F

F extends D,

D extends C



SUBTYPING



Subtyping

e Subtyping corresponds to subset
e Systems with subtyping have non-disjoint sets
e T,<:T, means T,is a subtype of T,

— corresponds to T, < T, in sets of values

e Rule for subtyping: analogous to set reasoning

I'e:T; T, <: T GETl Tlng
F|_€ZT2 €€T2




Types for Positive and Negative Ints
Int={...,-2,-1,0,1,2, ... }

Pos={1,2, ..}

(not including zero)

Neg = { cen) -2, -1 } (not including zero)

sets

Pos c Int
Neg c Int

x € Pos y € Pos

x + v € Pos

x € Pos y € Neg

J:WQS Pos <: Int
Neg <: Int
I' - x: Pos I' = y: Pos
I' - x 4+ y: Pos
I' - x: Pos I' - y: Neg
' x*y: Neg
I' - x: Pos I' - y: Pos
I'-x /y: Pos

x *y € Neg

t
< € Pos v € Pos (y not zero)

x /'y € Pos

(x/y well defined)



