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Outline

¥ Proposed extension of Java to support binary 
methods using features of LOOM

¥ What was problematic?

¥ If time:  Random ideas relevant to course:

! Why Pierce objects are not expressive enough.

! How existentials explain Java#s wild!card types.

I ntroduction

¥ Java 5 now supports F!bounded polymorphism

¥ But stil l di$cult to express binary methods naturally

! Method is a binary method if it is int ended to be used 
with a parameter of the same type as the object it is 
called from.

! Not well supported in statically type!safe OO languages.

I ntroduction

¥ MyType, a self!re"exive type, was a key feature of 
series of experimental OO languages:

! TOOPLE, PolyTOIL, LOOM

¥ Goal:  Add MyType seamlessly to Java 5, including 
bounded polymorphism, and interfaces.

¥ Today:  What was easy, what was hard?

Java 5

¥ Based on GJ

! added type parameters

! lacks light!weight re"ection: instanceof & casts

¥ Many other minor improvements

LOOM

¥ MyType and bounded polymorphism.

¥ Classes are not types.

¥ No instanceof  or casts.

¥ Structural matching.

¥ Provably statically type!safe.



LOOM + Java = LOOJ

¥ Add ThisClass  and ThisType .

¥ Light!weight re"ection: instanceof  & casts.

¥ Provably type!safe #subset$.

¥ Originally had ThisClass  constructor.

Why is this a challenge?

¥ Wanted conservative extension:

! Old Java programs should remain legal and have same 
semantics.

¥ Classes and interfaces both serve as types in Java

¥ Extension in Java is nominal, not structural

¥  Java based on subtyping, LOOM on matching.

¥ LOOM uses exact types, while Java types include 
extensions.

LOOM Types

¥ In LOOM, x: T means at run time x must hold a 
value of type T &not an extension of T!'

¥ x: #T  means at run time x holds a value of type T or 
some extension of T.

¥ Exact types important for ty ping binary methods.

Binary Methods
Method m is a binary method, if it has a parameter 
whose type is to be the same as the receiver.

  class C {boolean eq(C c) { ... }}

  class D extends C  { boolean eq (D d) {...}}  
  class E extends C  { boolean eq (E d) {...}}  
! Overloads not overrides

Cod" Desired Actual

new C().eq(new C()) OK OK

new C().eq(new D()) OK OK

new D().eq(new C()) Error OK

new E().eq(new D()) Error OK

LOOJ:  Adding a Type for this

Introduce ThisClass , representing class type of this :

   class C { boolean eq( ThisClass  c) {...} }

Subclass still binary:

   class D extends C {
      boolean m( ThisClass  d) { ... } }

! now overrides

Method is binary i% has a parameter with type ThisClass .

Other uses:
   ThisClass  clone() { ... }

Binary Methods Example

public class Node {
protected  ThisClass  next;

public Node( ThisClass  next) {
   this.next = next;
}

public void setNext( ThisClass  newNext) {
this.next = next;

}

public ThisClass  getNext() {
return next;

}
}



Binary Methods Example

public class DbleNode extends Node {
protected ThisClass  prev;

public DbleNode( ThisClass  next, ThisClass  prev) {
   super(next);
   this.prev = prev;
}

public void setNext( ThisClass  newNext) {
super.setNext( newNext );
next.setPrev(this);

}

public ThisClass setPrev( ThisClass  newPrev) {
this.prev = newPrev;

}
...

}

But ...

There are type safety problems!  De(ne:

   public void breakIt(Node n1, Node n2) {
   n1.setNext(n2);

   }

Let n be a Node and dn be a DbleNode :

breakIt(dn,n);

Blows up when dn.setNext(n)  is executed!
Need to rule out this code using type system.

Subtyping in Java
¥ If D extends C, an expression of type D can be used 

as actual parameter where formal is type C.

¥ Thus breakIt(dn, n)  should be legal!

¥ Fix problem by only restricting binary methods to be 
sent only to receiver whose type is exact.

¥ If e has type @T then e must have type exactly T, 
not an extension!

¥ Exact types can masquerade as non!exact:

! @T <: T

Fix Node Class ...

Rewrit e Node and DbleNode to replace all occurrences 
of ThisClass by @ThisClass:

  public void breakIt(@Node n1, @Node n2) {
  n1.setNext(n2);

  }

More generally could write:

  public <N extends Node> 
            void breakIt(@N n1, @N n2) {

  n1.setNext(n2);
  }

Non!Binary Methods Easier

¥ If a method is not a binary method, then no 
restrictions on receiver:

Node n1, n2;

n2 = n1.getNext();

@Node n3, n4;

n4 = n3.getNext();

Type!checking LOOJ

¥ When type!checking body of class 
class D extends C   

¥ assume:
! D extends C

! ThisClass  extends* D

! this  has type @ThisClass



Type!Checking Messages

¥ Recall setNext method from Node:

setNext: @ThisClass !  void

¥ If receiver is exact type, substitute receiver type for 
ThisClass in signature:

Node node;

@Node xctNode;

@DbleNode xctDbleNode;

node.setNext          // error

xctNode.setNext:      @Node !  void

xctDbleNode.setNext:  @DbleNode !  void

Type!Checking Messages

¥ Recall getNext  method from Node:
getNext: () !  @ThisClass

Node node;

@Node xctNode;

@DbleNode xctDbleNode;

node.getNext():         Node

xctNode.getNext():      @Node

xctDbleNode.getNext():  @DbleNode

Correctness

¥ De(ne Featherweight LOOJ as extension of LOOJ 
with ThisClass and exact types &no interfaces'.

¥ Prove Type Preservation, Progress, and Soundness:  
I f  )* e : T,  e "* e’, and e’ is a normal form, then either 

e’ is a value or it contains a failed cast.

Problems Encountered

What does ThisClass  mean in an interface?

interface I { boolean eq( ThisClass  tc); }

class C implements @I { int x
   boolean eq( ThisClass  tc){ 
                          return this.x = tc.x; }
}

class D implements @I { int y
   boolean eq( ThisClass  tc){ 
                          return this.y = tc.y; }
}

@I i1 = new C();
@I i2 = new D();
i1.eq(i2); ! Error:  new C().eq(new D())

ThisType

¥ Forbid use of ThisClass  in interface

¥ Introduce ThisType  as interface of receiver

¥ Eliminates problem because

void binMeth( ThisType  tc){
   .. canÕt use inst vbles of tc ..
}

Typing with ThisType

¥ class D extends C implements @I  

! public methods of C are exactly methods listed in I.

¥ When type checking, assume:

! this  has type @ThisClass
! ThisClass  extends* D
! ThisType  extends I
! ThisClass  implements @ThisType
! D implements @I

¥ Typing methods like w/ThisClass , except replace 
ThisType  with int erface, not class.



Bounded Polymorphism

LOOJ, like GJ, supports bounded polymorphism

In GJ, suppose I is interface and have 
   class C<T extends I> {...}  

Can instantiate with interface or class:
   C<J>  or C<D>.

Causes problems in LOOJ ...

Bounded Polymorphism 
Problem

De(ne interface for Node with ThisType  rather than 
ThisClass:

  interface INode {
     void setNext(@ThisType newNext);
     @ThisType getNext();
  }

  class Nd1 implements @INode{...}

  class Nd2 implements @INode{...}

Bounded Polymorphism 
Problem

public class E<X extends INode> {
   @X x;
   public void setX(@X newX){x = newX;}
   public @X getX(){return x;}
   public @X peekAhead(){return x.getnext();}
}

public void hole(@E<Nd1> e) { 
   @Nd1 n1;
   @Nd2 n2;
   n1.setNext(n2);
   e.setX(n1);
   n1 = e.peekAhead()
} 

But now n1 holds element of type Nd2!

     INode
ÐÐÐ

@INode ÐÐÐ
@INode ÐÐÐ

Biggest Problem

¥ Both classes and interfaces can be used as types.

¥ We prefer to only use interfaces as types.

¥ Classes provide semantics, not speci(cation.

¥ If give up interfaces, lose ability for classes to 
implement multiple int erfaces or must add multiple 
inheritance !! real mess!

Comparing LOOJ & Java 1.5
public interface Comparable {
   int compareTo( ThisType  other);
}

// Key, value pairs ordered by key
public class ComparableAssoc <Key extends Comparable, Value>
                   implements Comparable {

   private @Key theKey;
   private Value theValue;

   public ComparableAssociation<Key,Value>( @Key key, Value val) {
      theKey = key;  theValue = val;
   }
   ...

   public compareTo( ThisType  other) {
        return theKey.compareTo(other.getKey());
   }
}

Comparing LOOJ & Java 1.5
public interface Comparable <T> {
   int compareTo( T other);
}

public class ComparableAssoc < Key extends Comparable<Key> , Value>
              implements Comparable <ComparableAssoc<Key,Value>>  {

   private Key theKey;
   private Value theValue;

   public ComparableAssociation<Key,Value>(Key key, Value val) {
      theKey = key;
      theValue = val;
   }
   ...

   public compareTo( ComparableAssoc<Key,Value>  other) {
        return theKey.compareTo(other.getKey());
   }
}



Comparison Summary

LOOM LOOJ

classes are not types
structural subtypes

MyType

class names are types
by!declaration subtypes
ThisClass & ThisType

exact by default
# !types

matching

+slippery, by default
@ types
extends

no type!based operations checked casts, instanceof

LOOJ is Implemented

¥ LOOJ extends GJ &bounded polymorphism' except:

! No type inference for polymorphic methods.   Our choice!

! Classes can#t be used to instantiate type variables whose 
bounds are interfaces.

+ LOOJ supports instanceof  and casts involving type 
variables &including ThisType  and ThisClass '.

¥ Extended Java 1.4 compiler to support LOOJ.

¥ Uses GJ style homogeneous translation except... 

LOOJ Implementation
Add instance variable for each type parameter:
class C<T> {
   T myT;
   public C( ){...}
}

translates to:

class C {
   Object myT;
   private PolyClass T$$class;

   public C( PolyClass T$$class ){
      this.T$$class = T$$class; }

   // Is saved type parameter same as parameter? 
   public boolean instanceOf(PolyClass oT$$class){
      return T$$class.equals(oT$$class);
   }
}

LOOJ Implementation

¥ Translate:
obj instanceof C<S>

to:

((obj != null) && (obj instanceof C)
    && (((C)obj).instanceofC(S$$class)))

• Arrays only problem as no class to hold extra 
instance variable !! implement LOOJArray ?

ThisClass Constructor

¥ Originally LOOJ had ThisClass contructor:

public class Node {
   ...
   public void setNext(int value) {
      this.next = new ThisClass (value);
   }
}

¥ Dropped from later versions:

! ThisClass constructor must be inheritable.

! Should appear in interfaces.

! Parameters can#t change.

Use Factory Class

public interface Factory< T> {
   @T create();
}

public class Node {
   Factory<ThisClass> factory ;  

   int value;

   public Node( Factory<ThisClass> fact , int val){
      factory = fact ;  
      value = val;
   }

   public void setNext(int value) {
      this.next = factory.create(value) ;
   }
}



Relevant Work

¥ PolyTOIL, LOOM

¥ GJ, Featherweight Java, PolyJ

¥ Al len et al:  MixGen &NextGen'

¥ Viroli & N atali 2000 ! lightweight re"ection

¥ Implementation of casts & instanceof:  
Burstein 1998

Summary

¥ LOOJ:  extended Java with LOOM ideas

! Bounded polymorphism,

! ThisClass, ThisType, and exact types

! instanceof and casts work with ty pe variables

¥ Di$culties mainly arose with using both classes and 
interfaces as types.

¥ +Extends, replaces +matching, from LOOM.

Continuing Work

¥ E$cient implementation of LOOJ && GJ'

¥ Gonzalez&2003':  Replace JVM veri(er with one that 
interprets annotated JVML &type vbles'.

¥ Aft er veri(cation, erase type variables and reuse old 
backend.

¥ Key idea:  Casts put in only to satisfy veri(er are 
removed !! should speed up generic code. 

Random Points of Interest

Objects a la Pierce

¥ In Chapter 18, imperative objects have type:

Counter = - get: Unit !  Nat; set: Nat !  Unit;
                    inc: Unit !  Unit; .

¥ In Chap. 32, p. 479, fcnal counter w/ instance vbles:

Counter = -∃Rep,-state: Rep; methods: " Rep. -
                                get: Rep !  Nat; ...; inc: Rep !  Rep; ..

• Apply methods to state to get current value.

• Why does inc return Rep???

Pierce Objects

¥ Why does inc return Rep???

Counter = -∃Rep,-state: Rep; methods: -
                                get: Rep !  Nat; ...; inc: Rep !  Rep; ..

• Node is even worse, even if done imperatively:

     Node = -∃Rep,-state: Rep; methods: -
                                              getNode: Rep !  &Unit !  Rep';  
                                              setNode: Rep !  &Rep !  Void'; ..

Node

Node



ThisType Creeps In

• Really want type to involve Node!     

      Node = # TC. -∃Rep,-state: Rep; methods:  -
                                              getNode: Rep !  &Unit !  TC ';  
                                              setNode: Rep !  &TC !  Void'; ..

• Not much further to get ThisClass  and ThisType  working 
properly with class de(nitions as well.

     NodeClass = $ TC extends Node. $ Rep extends -next:TC..   
                        <inst, -getNode = "  this. ...; setNode = "  this. ...; ..

Back to Java 5

¥Four ways to instantiate type parameters :

T : (xed type
? extends T : some extension of T,
? super T : some type that T extends, 
? : any type

¥Examples:

C<? extends T>: can be C<U> for any U extending T.

C<? super T>: can be C<U> for any U s.t. T extends U.

C<?>: can be C<U> for any U.

Wild cards added to Java 1.5!

C<? extends T > !  " (t<:T).  C< t >

C<? super T > !  " (t:>T).  C< t >

C<?> !  " t.  C< t >

What do wildcards mean?

¥ If ds  has type List<? extends T>  then 
can remove elements, but not insert.

¥ More carefully, if List<T>  has methods 

get: () !  T, set: T !  void  then

ds.get()    will return value of type T, but 
ds.set(o)  always i!egal, no matter what type of o.

Wildcard Restricts Usage Avoiding Wildcards

¥Recall from logic, if B not contain variable t 
then

! #t.(A(t) " B) $ (%t.A(t))" B

¥Thus 

! <T extends C> void m(List<T> aList){...}

is equivalent to

! void m(List<? extends C> aList){...}

¥However, there is no equivalent for types of fields 

! same as for #-types.



Questions?

Paper available at:
http://www.cs.williams.edu//kim/README.html


