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Modular C Programming Example…

/* cube.h */
extern doublecube(doublex);

/* cube.c */
#include <stdio.h>
doublecube(doublex) {
doubler = x * x * x;
printf ("cube: %f --> %f\n", x, r);
return r; }

/* cubing.c */
#include <stdio.h>
#include <stdlib.h>
int main(int argc, char * argv[]) {
int k = atoi(argv[1]);
printf ("cubing: %d --> %d\n", k, cube(k));
return 0;

}
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UndetectedRun-Time TypeErr or in C

#include <stdio.h>

union utag {int a;
float p;
} u;

void main() {
float x = 2.0;
u.a = 2135329191;
printf ("%d %f\n", u.a, x + u.p);

}

2135329191   263901874997436424049023275123576143872.000000

• interpretationasfloat valuesis not well-definedfor int values

• interpretationasfloat valuesis possible for int values

• unexpectedvaluescanproduceundetectedmisbehaviour
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Detected Run-Time Type Error in Java

class Point {protected double _x, _y;
public Point(double x, double y) {_x = x; _y = y; }
public String toString() {return "(" + _x + ", " + _y + ")"; }

}
class Point3 extends Point {protected double _z;
public Point3(double x, double y, double z) { super(x,y); _z = z; }
public void up(double dz) {_z += dz; }
public String toString() {return "(" + _x + ", " + _y + ", " + _z + ")"; }

}
class DownCastError {

public static void main(String[] args) {
Point p = new Point( 2.0, 3.0 );
Point q = new Point3( 2.0, 3.0, 4.0 );
((Point3)q).up( 0.7 ); System.out.println("q = " + q);
((Point3)p).up( 0.7 ); System.out.println("p = " + p);

}}

q = (2.0, 3.0, 4.7)
java.lang.ClassCastException: Point
        at DownCastError.main(DownCastError.java:18)
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Static versus Dynamic Typing

• Compile-timetypechecking:Static typing
• Run-timetypechecking:Dynamic typing
• All typeerrorswill bedetected: strongly typed languages

• A programis type safe if it is known to befreeof typeerrors

• A languageis type safe if all its programsaretypesafe

Warning: Quite some mix-up in the conclusions in the textbook!

• For every language,all its programspassall its staticaltests:
– For adynamicallytypedlanguagelikeLISP,at leastsomeprogramscontain

typeerrors,otherwisenodynamiccheckingwouldbenecessary:
LISPmaybestronglytyped,but is not type safe. (p.51)

– Javaisstronglytyped,but in someaspectsonly with dynamic type checks:
Java is not type safe! (p.233)

– Haskell is strongly statically typed, andthereforetype safe! (p.233)

Oberon typeguardscorrespondto Javadown-casts.
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TypeLanguages

At eachpoint in aprogram,thereis a type languageT
• mostlanguagesincludeimplementation-orientedprimiti ve typeslikeint.
bool,float,char

• TJay
−− {int,boolean}

• type definitions extendthetypelanguage

• type constructorsproduceinfinite typelanguages:

– Oberon: ARRAY N OF,POINTER TO only

– C, Java:*,[] only

– Haskell:  _->_ , [_] , (_,_) , Maybe _ , IO _ ,
 Ratio _ , Array _ _ , anduser-definedtype constructors, e.g.:
 FiniteMap _ _ , Set _ , Graph _ 

– Java 1.5: Will have“generics”, i.e.,parametricpolymorphismsimilar
to Haskell
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Type System Principles

AssumeaconstanttypelanguageT .

• At eachpoint in aprogram,thereis a type context (or typing environment)
Γ , mappingvisible identifiersto types.

Usually, this is a (finite) partialfunction:

Γ : Identifier |→ T

• Givena typecontext Γ ,

– a declaration, if valid, producesanew typecontext Γ ′

– anexpression emayhave a type t

Γ ` e : t

(The,e is well-typed, with type t)

– a statement maybe well-typed
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Jay: Extracting the Context from the Declarations

Givena typecontext Γ , a declaration, if valid, producesanew typecontext Γ ′.

• Abstractsyntax: class Declaration { Variablev; Typet; }
class Declarationsextends Vector{}

• Java typeTypeMapimplementsIdentifier |→ T
• Jayhasonly onedeclarationblock: canstartfrom emptycontext:

typing : Declarations→ TypeMap
typing (Declarationsd)−− ∪

i∈{1,…,n}
{di.v 7→ di.t}

• TypeMaptyping(Declarationsd) {
TypeMapmap= new TypeMap();
for (int i=0; i<d.size(); i++)

map.put (((Declaration)(d.elementAt(i))).v,
((Declaration)(d.elementAt(i))).t);

return map;
}
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Practice!

• Exercises3.1– 3.3

• Add errormessagesto validity andtypecheckingfunctions

• Testwith correctandincorrectJayprograms
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Jay: Checking Validity of Declarations

• Overloaded validity function V

• Validity of declaration block: Eachvariablenamedeclaredatmostonce:

V : Declarations → IB
V (Declarationsd) −− ∀i, j : {1, …, n} • (i −−/ j ⇒ di.v −−/ dj.v)

• Implementation:

public boolean V (Declarations d) {
for (int i=0; i<d.size() − 1; i++)
for (int j=i+1; j<d.size(); j++)

if ((((Declaration)(d.elementAt(i))).v).equals
(((Declaration)(d.elementAt(j))).v))

return false;
return true;

}
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Jay Expression Typing Rules

class Expression {} // Expression= Variable|Value|Binary |Unary
class Variable extends Expression { String id; }
class Value extends Expression { // Value= int intValue|booleanboolValue
Type type; int intValue; boolean boolValue; }

class Binary extends Expression {
Operator op; Expression term1, term2; }

class Operator { String val; }

• Variablesmusthavebeendeclaredwith of thetwo typesint andboolean

• Arithmeticoperators+,-,*,/ demandtwoint argumentsandproducean
int expression

• Relationaloperators==,!=,<,<=,>,>= demandtwoint argumentsand
produceaboolean expression

• Booleanoperators&&,|| demandtwoboolean argumentsandproducea
boolean expression
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Jay Expression Type Inference

public Type typeOf (Expression e, TypeMap tm) {
if (e instanceof Value) return ((Value)e).type;
if (e instanceof Variable) {

Variable v = (Variable)e;
if (!tm.containsKey(v)) return new Type(Type.UNDEFINED);
else return (Type) tm.get(v); }

if (e instanceof Binary) {
Binary b = (Binary)e;
if (b.op.ArithmeticOp( )) return new Type(Type.INTEGER);
if (b.op.RelationalOp( ) || b.op.BooleanOp( ))

return new Type(Type.BOOLEAN);
}
if (e instanceof Unary) {

Unary u = (Unary)e;
if (u.op.UnaryOp( )) return new Type(Type.BOOLEAN); }

return null;
}

Only inspects top-level construction!
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Jay Expression Type Checking

public boolean V (Expression e, TypeMap tm) {
if (e instanceof Value) {return true; }
if (e instanceof Variable) {return tm.containsKey((Variable)e); }
if (e instanceof Binary) {

Type typ1 = typeOf (((Binary)e).term1, tm);
Type typ2 = typeOf (((Binary)e).term2, tm);
if (! V (((Binary)e).term1, tm)) return false;
if (! V (((Binary)e).term2, tm)) return false;
if (((Binary)e).op.ArithmeticOp( ) || ((Binary)e).op.RelationalOp( ))

return typ1.isInteger() && typ2.isInteger();
if (((Binary)e).op.BooleanOp( ))

return typ1.isBoolean() && typ2.isBoolean(); }
if (e instanceof Unary) {

Type typ1 = typeOf (((Unary)e).term, tm);
return typ1.isBoolean() && V(((Unary)e).term, tm)

&& (((Unary)e).op.val).equals("!") ; }
return false;

}


