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Back to Type Checking

?
Predicate .
( :C “int x? 2731 <= x < 2731

(=bindinQg)
- (int X) vs. (x=1;)
(= checking)

)



1. Static vs. dynamic checking

— : VS.
2. Static vs. dynamic typing

— : VS.
3. Strong vs. weak typing

— : VS.

4. Sound type systems

enforce



(Type Expressions)

Int, float, char ...
(type expressions)

Array types : T|1, T[10], TJ1..10]1, TI21I31

vii~ntiiw +\ s = A T 1A - T
L L 1

C N\ raY e r; =
SrUCiure types ( 11Gq0 14, ..., 1G,.

Pointer types : T *

Functiontypes : T, x T, x ... xT. > T

return



Implementation

— class BaseType extends Type {String name;}
— class IntType extends BaseType { ... }

— class FloatType extends BaseType { ... }

— class ArrayType extends BaseType { ... }

— class FunctionType extends BaseType { ... }

(1) . T1l.equals(T2)
(2) ( ) :

e )int [100] 1, int [1024] 2, float* 3
Note : OO T1.subtypeOf(T2)



Implementation Example
with Yacc & SDD w/o a Symbol Table

Type type;

type : INTEGER {$%= new IntType(id); }
| ARRAY LBRACKET type RBRACKET
{$$ = new ArrayType($3); } ;

expr:  expr PLUS expr {
If ($1 == IntType && $3 == IntType)
$3$ = IntType;
else TypeCheckError(“+”);



Implementation with A Symbol Table

e Struct, class symbol table

class IdExpr extends Expr {
Identifier id;
Type typeCheck() {return id.lookupType(); }

— symbol table lookup
e Checking example (NonSDD style)

class Add extends Expr {
Type typeCheck() {
Type t1 = el.typeCheck(), t2 = e2.typeCheck();
If (t1 == CInt && t2 == CInt) return Cint;
else TypeCheckError(“+”);




judgment (= static semantics)
formal
E:T “E T
reqular expression,

CFG, ( ) judgment
2 . Int

true : bool

2*(3+4):int

“Hello” : string

If (b) 2 else 3:int

X == 10 : bool

y=2:int y=2 : unit [[unit  well typed



Class Problem

type ?
i int , T
float . S1
f1]3]
—-1=11[12]
— while (1 < 10) do S1
- (1==074.0:1.0)



Judgment

e Consider if(b)2else 3:int

— b bool (b : bool)

— 2 Int(2:Int)
— 3 Int(3:int)
. judgment notation
- AR E T “A E T
- )

b: bool, x: int |—Db: bool
b: bool, x: int |—if (b) 2 else x : Int
2+ 2:iInt




Judgment

e Db:bool, x: int |—Iif (b) 2 else x : int

— b: bool, x: int |—b : bool
— b: bool, x:Iint —2: int
— b: bool, x: Int —X: Int

(inference)

A +— E : bool Al S1:T A S2-T
A if (E)Slelse S2:T <.

E 51,52, A T .



Proof Tree ( )

A —E1:int A'”t A””t
A —E2:int

|

A —E1+E2:int (N int

A £2
S1 S2 true
, =>» proof tree
proof tree ==

Al — b : bool Al - 2:int Al — 3:int
Al = 1b: bool Al —2+3:Int Al - X:int

b:bool, x:int - if (b) 2+ 3 else x : int
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Class Problem

t:.=1rue

false

If tthentelset
0

succ t

pred t

Iszero t

(1) if iszero O then O else pred O : int
(2) pred(succ(iszero(succ(pred(0)))) : int

O0:int
true : bool
false : bool

tl: bool t2: T t3:T
iftlthent2elset3: T

tl:iInt
succtl :int

tl:int
pred tl : int

t1:int
Iszero t1 : bool
13



Assignment Statements

d: T e A
A E:T
A Id=E:T

(variable-assign)

AR E3:T

A~ E2:int

A = E1:array[T] (array-assign)
AF E1[E2] =E3:T




If Statements

A+~ E: bool
A S1:T A S2:T

A If(E)SlelseS2:T

A E:b
AF S:T (if-then)
A

(if-then-else)



Class Problem

1. while (E) S

2. Typeid = E

3. E1?S51:52



Sequence Statements

well typed
well typed well typed

— ? Recursive  (list

AF S1:T1
AF (S2;....;Sn):Tn

(sequence)

A (S1;S2;....;Sn) :Tn

)



= unitifno E
A TIidL=E]:T1 —

A id: TF (S2;....;Sn) :Tn

(declaration)

AF (Tid[=E];S2;....;Sn):Tn

symbol table entry



Function

- A

A,al:Tl,...,an:Tn = E:Tr

AFfun(T1lal, ..., Than)=E :T1xT2x ... Tn>Tr

AL E:T1xT2X...Tn=> Tr
AF Ei:Ti (iel...n)

A~ E(EL, ..., En) : Tr

(function-call)




Function (cont ™)

(return)

( )

AFECT _ (return- )
A F return E : unit

Symbol table (return_fun

)

AFRE:T retun fun: T

(return)
A returnkE : T

A,al :T1, ...,an: Tn,return_fun: Tr— E : Tr
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Control Flow

e Scope Type check

e “Control flow errors”
— break continue while . for

— Goto labels
— AST



Where We Are...

regular expressions

Token stream  --------——ccmmmeemmee |

CFG
abstract syntax — ______________________
Tree
static semantics
Anhectrant mtas
apotliaulti L

tree + symbo
tables, types

Intermediate code



