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Modular C Programming Example... Detected Run-Time TypeError in Java
/* cube.h */ classl?oint.{ protected double_x, _y;
extem double cube(double x); public Point(doublex, doubley) { _x=x, _y=y;}

public Sring toString() { return "(" + _x+"," +_y+")";}

gr?éjlz(ag:étdio o class Point3 extends Point { protected double_z
double cube(double x) { public Point3(double x, doubley, double 2) { super(xy); z=2z}

doUbIET = X X% X public void up(doubledz) { z+=dz}

orintf ("cube: 96F > %AN", x, r): public Sring toString() { return "(" + _x+"," + y+","+_z+")";}
returnr;} class DownCastError {
public static void main(String[] args) {
/* cubing.c*/ Point p = new Point( 2.0,3.0);
#include <stdio.h> Point g = new Point3( 2.0, 3.0,4.0);
#include <stdlib.h> ((Point3)q).up( 0.7 ); Systemout printin("g=" +q);
int main(int argc, char » argv{]) { ((Point3)p).up( 0.7); Systemout.printin("p=" +p);
int k = atoi(argv{1]); 1}
printf ("cubing: %d --> %d\n", k, cube(k)); q=(2.0 3.0 4.7)
return 0; java. | ang. G assCast Excepti on: Poi nt
} at DownCast Error . mai n( DownCast Error . j ava: 18)
UndetectedRun-Time TypeErrorin C Static ver sus Dynamic Typing
#include <stdioh> « Compile-timetypechecking: Static typing

. ag fint & * Run-timetypechecking: Dynamic typing
union uaﬁéglttpa'\, » All typeerrorswill bedetected: strongly typed languages
b u; ’ « A programistype safeif it is known to befreeof typeerrors
« Alanguagestypesafeif all its programsaretypesafe
void main() {
float x = 2.0; Warning: Quitesome mix-upin theconclusionsin the textbook!
ua=2135329191;

printf ("%d  %An", ua, X + up); » Foreverylanguageall its programgassall its staticaltests:

} — Foradynamicallytypedlanguagdik e LISP, atleastsomeprogramsontain
typeerrors,otherwiseno dynamiccheckingwould be necessary:
« interpretatiorasfloat valuesis not well-definedfor int values — Javais stronglytyped,butin someaspect®nly with dynamic type checks:

Javaisnot type safel (p.233)

« interpretatiorasfloat valuesis possible for int values ) i
— Haskell isstrongly statically typed, andthereforetype safe! (p.233)

* unexpectedvaluescan produceundetectedmisbehaviour
Oberon typeguardscorrespondo Java down-casts.
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Type Languages

At eachpointin aprogramthereis atype language7T

* mostlanguageicludeimplementation-orientedrimiti vetypeslikei nt .
bool ,fl oat,char

* Tjay= {i nt bool ean}
* type definitions extendthetypelanguage
* type constructors producenfinite typelanguages:

— Oberon: ARRAY N OF, PO NTER TOonly
— C,Java:*,[] only

— Haskell: _->_, [_] , (_,_) , Maybe _ , 1O _ ,
Ratio _ , Array _ _ ,anduserdefinedtype constructors e.g.:
FiniteMap _ _ , Set _ , Graph _

— Java 1.5 Will have“generics, i.e.,parametrigpolymorphismsimilar
to Haslell
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Type System Principles

Assumea constantypelanguagey .

» At eachpointin aprogramthereis atype context (or typing environment)
I', mappingvisible identifiersto types.

Usually, thisis a (finite) partialfunction:
I : Identifier + T

* Givenatypecontext I,

— adeclaration, if valid, produces new typecontext I’

— anexpression emayhaveatypet
I' -e:t
(The,eiswell-typed, with typet)

— astatement maybe well-typed
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Jay: Extractingthe Context from the Declar ations

Givenatypecontet ', adeclaration, if valid, produces new typecontext ™.

class Declaration{ Variablev; Typet; }
class Declarationsextends Vector {}

» Abstractsyntax:

» Javatype TypeMapimplementddentifier + 7
« Jayhasonly onedeclaratiorblock: canstartfrom emptycontext:

typing : Declarations — TypeMap
typing (Declarationsd) = |J {d.v+— d.t}
ie{1,...,n}
» TypeMaptyping(Declarationsd) {

TypeMapmap= new TypeMap);

for (int i=0;i<d siz€); i++)
mapput (((Declaration)(d.elementAf))).v,

((Declaration)(d.elementA))) 1);
return map

}
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Practicel

¢ Exercises8.1-3.3

* Add errormessaget validity andtype checkingfunctions

» Testwith correctandincorrectJayprograms
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Jay: Checking Validity of Declarations
* Overloaded validity function V

 Validity of declaration block: Eachvariablenamedeclarecatmostonce:

V : Declarations — B
V (Declarationsd) = Vi,j:{1...,nfe(i#]j=dv+# d.v)

« Implementation:

public boolean V (Declarationsd) {
for (int i=0;i<d.size() — 1;i++)
for (int j=i+1;j<dsiz&(); 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 {} // Expressiorr Variable| Value| Binary | Unary

class Variable extends Expression { Sringid; }

class Value extends Expression { // Value=int intValue| boolearboolValue
Typetype int intValue boolean boolValue; }

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

class Operator { Sring val; }

 Variableanusthave beendeclaredwith of thetwo typesi nt andbool ean

» Arithmeticoperators-, - ,*,/ demandwoi nt agumentsandproducean
i nt expression

» Relationaloperators=,! =, <, <=, >, >= demandwoi nt agumentand
produceabool ean expression

» Booleanoperator&&, | | demandwo bool ean agumentsandproducea
bool ean expression
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Jay Expression Type Inference

public Type typeOf (Expression e, TypeMap tm) {

if (einstanceof Value) return ((Valuele) type;

if (einstanceof Variable) {
Variablev = (Variable)e;
if (tmcontainsKey(v)) return new Type(Type UNDEFINED);
elsereturn (Type) tmget(v); }

if (einstanceof Binary) {
Binary b = (Binary)e;
if (b.op.ArithmeticOp()) return new Type(Typel NTEGER);
if (b.op.RelationalOp( ) || b.op.BooleanOp( ))

return new Type(TypeBOOLEAN);

if (einstanceof Unary) {

Unary u= (Unary)e,

if (uop.UnaryOp()) return new Type(TypeBOOLEAN); }
return null;

}

Onlyinspectstop-level construction!
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Jay Expression Type Checking

public boolean V (Expression e, TypeMap tm) {
if (einstanceof Value) { return true; }
if (einstanceof Variable) { return tmcontainsKey((Variable)e); }
if (einstanceof Binary) {
Type typl = typeOf (((Binary)e) terml, tm);
Type typ2 = typeOf (((Binary)e) term2, tm);
if ('V (((Binary)e).terml, tm)) return false;
if 'V (((Binary)e).term2, tm)) return false;
if (((Binary)e).op.ArithmeticOp() || ((Binary)e).op.Relational Op( ))
return typlisinteger() & & typ2isinteger();
if (((Binary)e).op.BooleanOp())
return typlisBoolean() & & typ2.isBoolean(); }
if (einstanceof Unary) {
Typetypl = typeOf ((Unary)e) term, tm);
return typlisBoolean() & & V(((Unary)e) term, tm)
&& (((Unary)e).opval).equals("!"); }
return false

}



