_— Introduction to
- Programming
Languages and
Techniques

Collections
Generics
Wildcards

Recommended Reading

1 Nino & Hosch, chapter 12

¥ chapter 20 for gory details of generics

i Java tutorial trail on collection classes

http://java.sun.com/docs/books/tutorial/collections/TOC.html
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STATIC VS. DYNAMIC TYPES
(REPRISE)
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Dynamic Types (of Objects)

1 When a new object is created in the heap,
it is tagged with the class it was
instantiated from

Point

new Point(1.0,2.0) == > double x 1.0
double y 2.0

| This tag is the objectOslynamic type
I It never changes
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Dynamic Types (of Expressions)

1 An expression describes a computation
that, when executed, eventually yields an
object (or scalar value) as its result

X

x.concat(Obar  0)

new CharSeqStrimp(Ofoo  0)

(new CharSeqStrimp(Ofoo0)).concat(Obar 0)

I The expressionOglynamic type is the
dynamic type of its result
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public void foo (Object x) {
X ..

) \

what is the dynamic type of x ?
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Static Types

| Static types are used by the compiler to

check for Oobvious nonsenseO in programs

during development

(new Point(2.0,3.0)).concat(ObarQ)

1 Surprisingly effective at eliminating bugs
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Static Types of Expressions

I Each constant has a static type

I An object creation expression of the form
@ew C(..) O has static type C

I Each variable has a static type declared
by the programmer

I The static type of a method call is the
result type declared by the programmer
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Static Types of Expressions
I The static type of a cast OC)e O isC

¥ no matter what the static type of e is!

1 A few casts are Oobvious nonsenseO and
will be rejected by the compiler

¥ In particular, Oside castingO between unrelated
classes is not allowed (because it is guaranteed
to fail at run time)

( CharSeqgStrimp)(new  Point(2.0,3.0))
¥ OSide castsO between unrelateihterfaces are OK
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Generics

I Generic types are a refinement of the
static type system that allows it to
track, for example, the type of the
elements in a collection

1 ... so that, for example, when we get an

element from the collection, we can track
what type it will be
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(simplified) . .
Collection interface

public interface Collection<E> {
1/ Basic operations
int size();
boolean isEmpty ();
boolean contains(E  element);
boolean add(E element);
boolean remove(E element);

1/ Bulk operations

boolean containsAll(Collection <E> c);
boolean addAll(Collection <E> c);
boolean removeAll(Collection <E> c);
boolean retainAll(Collection <E> c);
void clear();
}
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Collection interface

public interface Collection<E> {
1/ Basic operations
int size();
boolean isEmpty ();
boolean contains(Object element);
boolean add(E element);
boolean remove(Object element);

(because the
underlying
OequalsO method
takes an Object
as argument)

1/ Bulk operations

boolean containsAll(Collection <E> c);

boolean addAll(Collection <E> c);

boolean removeAll(Collection <E> c);

boolean retainAll(Collection <E> c);
void clear();
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Why generics are a kludge

1 In Java, generics are only part of the

static type system

1 they play no role in dynamic types
1 E.g., when an expression like

new ArrayList <Point>

is executed, the heap representation of
the new object is tagged with just

@rrayList O
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ITERATORS
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Collection interface

Iterator ~ <E> iterator  ();
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Interable interface

public interface Iterator  <E>{
boolean hasNext ();
E next();
void remove();
}
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Example
static void removeEmpties (Collection<String>
for ( Iterator ~ <String> it = c.iterator 0;
if it.next().equals )
itremove ();
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c){
ithasNext  ();)
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Collection interface

extends Iterable

lterator  <E> iterator  ();
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<E>

\
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Interable interface

public interface

Iterable  <E>{

lterator  <E> iterator  ();

}
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Ofor-eachO loop

static void printElements (Collection<String> c){
for (String s: c¢)
System.out.printin(s );
}
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SUBTYPING AND GENERICS
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Subtyping and Generics

List<String> 1ls = new ArrayList<String>(); // OK
List<Object> lo

1s; // OK?

Suppose we said yes...
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Subtyping and Generics

List<String> ls = new
List<Object> lo = 1s;
lo.add (new Object()) ;
String s = 1ls.get(0);

Object

String
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ArrayList<String>(); // OK
/ OK?

/I'lo is a list of object

/I oops!!!

List<Object>

The hardest

thing to learn
about generics!!

List<String>
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Subtyping Rules for Generics

Collection<E>

Set<E> List<E> Queue<E>

If c<E> extends or implements D<E> then C<E> is a
subtype of D<E>

Type parameters must match exactly!

void printCollection(Collection<Object> c)
can be applied to objects of type
Collection<Object> oOr List<Object> or Set<Object>
but cannot not be applied to objects of type
Collection<String> or List<String>

10/14/09 24




WILDCARDS
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Collection interface

public interface Collection<E> {

1/ Bulk operations

boolean containsAll(Collection <E> c);
boolean addAll(Collection <E> c)/
boolean removeAll(Collection <E>|c);
boolean retainAll(Collection c);

needlessly restrictive
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public interface Collection<E> {

boolean containsAll(Collection <E> c);

} for example...
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Example

Collection<Displaceable> c
Collection<Point> points = ...

if ( c.containsAll(points NA{
}
not allowed!
Collection<Displaceable>

Collection<Point>
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public interface Collection<E> {

better??

boolean containsAll(Collection <Object> c);
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Not better!

Collection<Displaceable> c=..
Collection<Point> points = ...

if ( c.containsAll(points NA{

:
not allowed!
Collection<Object>

Collection<Point>
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public interface Collection<E> {

Better

Collection<Displaceable> c=..

Collection<Point> points = ...

Owildcard® if ( c.containsAll(points NA{
}
allowed!
boolean containsAll(Collection <?> c);
Collection<?>
Collection<Point>
}
10/14/09 31 10/14/09 32
public interface Collection<E> { public interface Collection<E> {
what about
this one??
1/ Bulk operations
boolean containsAll(Collection <?> c);
boolean addAll(Collection <E> c);
boolean removeAll(Collection <?> c);
boolean retainAll(Collection <?X c);
similarl
} Y }
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Collection<Displaceable> c= public interface Collection<E> {
Collection<Point> points = ...
c.addAll(points );
better?
not allowed!
boolean addAll(Collection <?> c¢);
Collection<Displaceable>
Collection<Point>
}
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Example

Collection<Displaceable> c
Collection<String> strings = ...

E:addAII(strings );

T

not correcti!!
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public interface Collection<E> {
Oaccept any
element type
that is a
subtype of EO

boolean addAll(Collection <? extends E> c);
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Better

Collection<Displaceable> c=..
Collection<String> strings = ...
Collection<Point> points = ...

caddAllpoints  ); <—_
c.addAll(strings ): allowed

not allowed

Collection<? extends Displaceable>

=

Collection<Point> Collection<String>
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Bounded wildcards |

I Wildcard 2: stands for any type
Collection<? extends E>

OCollection qf elements of some type that is a
subtype of EO

! Collection<? extends Displaceable>

includes Collection<Displaceable>,
Collection<Point>, List<Circle>,
Set<Rectangle>E
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Bounded wildcards I

1 Only collections of Displaceable

void moveDisplaceables (
List<Displaceable> 1, double dx, double dy) {
. l.get (i) .move (dx,dy) ..
}

1 Collections of any subtype of Displaceable
void moveDisplaceables (
List<? extends Displaceable> 1,
double dx, double dy) {
. l.get (i) .move (dx,dy) ..
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