1 =0

while (i < 10) { source code

assign -~
/
O

characters wWorads trees
(tokens)

Type Checking



Evaluating an Expression

scala prompt:

>def minl(x:Int,y:Int):Int={if (x<y) x else y+1 }
minl: (x: Int,y: Int)Int

>minl1(10,5)

resl: Int=6

How can we think about this evaluation?

x =2 10
v =25
if (x<vy) x else y+1 ,‘_F o
< \\ 6

Lalse

> s Yo




Computing types using the evaluation
tree

scala prompt:

>def minl(x:Int,y:Int):Int={if (x<y) x else y+1 }
minl: (x: Int,y: Int)Int

>minl1(10,5)

resl: Int=6

How can we think about this evaluation?

X :Int =2 10
v:Int =25 Int
if (x<vy) x else y+1 ,‘_F o
Int
< éo\leax\ 6
Int / \—F:_tse X
A

Y5

10




We can compute types without values

scala prompt:

>def minl(x:Int,y:Int):Int={if (x<y) xelse y+1 }
minl: (x: Int,y: Int)Int

>minl1(10,5)

resl: Int=6

How can we think about this evaluation?

L L S't ‘E\,Fe C\'\QCL
nt both braunches

X : Int
V:int
if (x<y) xelse y+1




We do not like trees upside-down

Int



Leaves are Up

v Int
M

Int
;,

type rules move
from leaves to root



Type Judgements and Type Rules

e e type checks to T under I (type environment)
[ Fe 1

— Types of constants are predefined
— Types of variables are specified in the source code

e |f e is composed of sub-expressions

'Feq: Ty - T'Re,: 1

'(;»fIJQ ckec\( F o T

Lreom \eaves



Type Judgements and Type Rules
e : T

f the (free) variables of e have types given by the
type environment gamma, then e (correctly)
type checks and has type |

['Feq: Ty - T'Fe, 1}
type rule
' Fe: T

If e, type checks In gamma and has type I, and ...
and e, type checks in gamma and has type T,
then e type checks In gamma and has type |



Type Rules as Local Tree Constraints

Type Rules

e.:Int e, :Int
e; < e, : Boolean

for every type 1, If

then

b: Boolean e : T
if(b) e; elsee,: T

0 has type Boolean, and ...

e, 1




Type Rules with Environment
Vi L

nt\ Int

Type Rules
(x:T)E [
M xeT ut Const (k) lnk
W wEhew in the Sawe) e huironmeut \’

M+ (e,<€;) 1 Buolean the expression €,<€; has tipe Bonl.

I'kFe, w M e,: \wt
N |- (gl.‘. e‘);\v‘t (" k(b) e, else C,_) T

M +b:Boodlean The:T [ fe,T




Type Checker Implementation Sketch

def typeCheck(I' : Map|ID, Type], e : ExprTree) : TypeTree =1
e match {

case Var(id)=>{ ?? |}

case If(c,el,e2) => { ?? }

i}

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

]



Type Checker Implementation Sketch

e caself(c,el,e2) =>1
val tc = typeCheck(I’,c)
if (tc !=BooleanType) error(lfExpectsBooleanCondition(e.pos))
val t1 = typeCheck(I’, el); val t2 =typeCheck(I’, e2)

if (t1 !=t2) error(lIfBranchesShouldHaveSameType(e.pos))

tl

]




Derivati

rivation Using Type Rul
es

Vi 1

ln‘t\ /'V‘\t

(x,Int) €

"



Type Rule for Function Application

Feq: Ty - THep: Ty THLE(T X XT,)—>T

[+ fleq, -, ey): T



Type Rule for Function Application
| Cont.]

We can treat operators as variables that have function type

4+ ' lutxlut - Int
< . mtxlut = Boolean
)4 2 . Boo‘eah XBQO\ eawn = Bec\edv\

We can replace many previous rules with application rule:

P‘_61:T| '—." En: TV\ P'— ‘F'. ((T‘Lx.ux‘l‘h)—-) T)

Mk f(eyr,..,€w: T

[' -eq:Bool TI'Fe,:Bool T+ &&:(BoolxBool) —» Bool

' - e; && e,: Bool



Computing the Environment of a Class

(5= 1
object World {
var data : Int (data, lnt) )
var name : String (name, St‘ri\'\a),
def m(x : Int, y : Int) : Boolean{... } (W, (nt xlut = Booleaw)
def n(x : Int) : Int { (n, lut = lut),
if (x>0)p(x—1)else 3
J
def p(r: Int) : Int = { (p) lut = lnt)
vark=r+ 2
m(k, n(k))
} ]
J

We can type check each function m,n,p in this global environment



Extending the Environment

(5= 1
class World {

var data : Int (data, {n ) )
var name : String (name, Striv\‘j),
def m(x : Int,y : Int) : Boolean{ ... } (W, (nt xlut = Booleaw)
def n(x : Int) : Int { (n, lut = lut),

if (x>0) p(x—1) else 3 (p, \nk =>luk)
J

«— [0
=T, ©{(rW)
é————’rz = r't@ { (k,‘\/\t\} = r'o U{(Y,lm‘:\ (k,lw{:)}

def p(r: Int) : Int ={
var K:Int
K=r+ 2
m(k, n(k))
J
J



Type Rule for Method Definitions def m(x;:T;, -+, %q: Ty): T=e
P ®{ (Y')T‘\r". (xu.TM\} - 2. T

Type Rule for Assignments
(x,T)ET "Fe:T

-‘F

Type RUIeS fOr BIOCk { var X1 :T1 .. vdl Xn:Tn; 31; Sma > }

- - Void
P @ '2. (X\,T\)) “c 9 (Xu'Th) ";, N ;VO;A

L ¢ T




Blocks with Declarations in the Middle

M ke T just
SR . empty
ML ged.T  €Xpression M §}:void

' ® {(K)Tl)?l " gfz‘)” | EM} T

M - f vae X T, ’)-{:L', o -\;\,‘\] T

declaration iIs first

" b 5|7Vof<\ Uit ...',h,."; o |

statement is first

N



Rule for While Statement

" 5-vold

"k (while(b) s) : void



Rule for a Method Call

C'GSS To {
é.e.‘c' wh ( X\"Tl),., ’Xv\ ! Th\ ) :€

' X T

P ‘- X.W\ (€|’...)€V\\ .. T

WA (X' Q\, ...,e\,\\

Vied,2,..,nt
M e T;



Type Checking Expression in a Body

class World { M= {
var data : Int

var name : String (dqta)‘v\{:))
def m(x : Int, y : Int) : Boolean {... } String)
def n(x : Int) : Int { (name, 27
if (x>0)p(x—1)else 3 (W, [t %lut — Booleaw) .

(n, ut —9lvx{7),

} (p, \nk = lnt) 7]

def p(r : Int) : Boolean =<_{_ n
var K:Int

K= 142 .= = I3
= I + r‘z _
m(k, n(k))
}
} 1"2 |_ k: Int W FZ |_ m: Intxlnt —

FZ = Tl(k) Int
[, m(k, n(k)): Bool

Bool



Example to Type Check

['p =1
object World { (z, Boolean),
var zZz : Boolean

var u : Int
def f(y : Boolean) : Int {
Z =YV I'y=Ty® {(y, Boolean)}
1f (u > 0) {

u = u — 1

(u, Int),
(f, Boolean — Int) }

Iy = z: Boolean Iy = v: Boolean

var z : Int [y = (z=y): void }

z = f£(ly) + 3
Z+Z
} else { 0 }
1 EXxercise:

} 277
[ - if(u > 0){ body } else { 0 }:Int

—



Solution

(y,Boolean) € I

[ I y:Boolean (f,Boolean — Int) e [
["F ly:Boolean [ f:Boolean — Int (z,Int) €I" —— (z,Int) € I"
["F£(ly):Int =21 | [ z:Int
(i, Int) € I 1 T [ {z=£(1y)+3}:void ["F {z+z}:Int
(u,Int) e A [ a0 yIng ["=I& (z,Int) F {z=f(y)+3;z+z}: Int
I' u :Int I' - u=u-1:void ['F {var z:Int;z=f(!y)+3;z+z}:Int N
I'Fu > 0 :Boolean iu=u-1;var E:Int;z=f(!}r}+3;z+z} - Int '

['Fif (0> 0) d v =y —1; var z iI6e; 2 =f(ly) ¥ 3: 2 +2 |} glge {1 0 } :Int



